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Abstract 
Abstract 
This thesis evaluates the environmental impact of UK-grown and processed sawn, 
softwood products using Life Cycle Assessment (LCA) and considers how best to 
communicate the results. The aims were: 
1. To evaluate the environmental performance of UK-grown and processed, sawn 
softwood. 
2. To develop a clear and concise method for disseminating the environmental 
performance of timber to a wide range of audiences. 
Cradle-to-gate environmental profiles were derived for: sawn; kilned; preservative 
treated, and kilned and treated timber. The impacts of forestry dominated the impacts 
of the sawn timber products (ranging from 76% of the total for sawn timber to 43% for 
kilned and treated timber). Forestry's main impact was from the road building and 
maintenance needed to establish, maintain and harvest the trees. 
Sawmilling impacts were mainly due to transporting logs from the forest and the 
consumption of fuels and energy during processing. For kilning, the impacts were due 
largely to the consumption of energy for drying. The main impacts from preservative 
treatment were from the production of the CCA preservative. Kilning and treating 
impacts were dominated by energy consumption and preservative production. 
Users of LCA information were found typically to have a low-level understanding of 
environmental issues and mainly to use LCA for material or product selection, policy 
decision-making, and public relations. Testing of an Environmental Product 
Declaration (EPD) using the information required by ISO/DIS 21930 showed that LCA 
experts wish to provide information, not meaning but EPD users want meaning, not 
information. The study showed that EPDs need to be much simpler, allow 'valuation,' 
and be compatible with each other to enable evaluation of the impacts of a whole 
building. 
The outcomes of this LCA work and analysis provide new information to enable 
improved communication of environmental impact assessments for wood-based 
materials. 
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Glossary and Abbreviations 
Glossary and Abbreviations 
allocation 
boundary 
BREEAM 
sharing the input or output flows of a unit process to the 
product system under study. This may need to be done 
where a manufacturing process results in products and 
co-products, for example, steel and slag. 
line between a product system and the environment or 
other product systems. 
BRE Environmental Assessment Method. Sustainability 
tool for assessing complete building developments, e.g. 
offices, schools, prisons, hospitals, retail etc. 
BRE Environmental 
Profiles method 
environmental impact 
categories: 
CC100 	 Climate Change (100-year timeframe). Caused by global 
warming from Greenhouse gases. 
AD 
	
Acid Deposition. Causing acid rain etc. 
OD 
	
Ozone Depletion. Reducing the ozone layer. 
HT Air 	 Human Toxicity. Pollution, in the air or in the water, which 
HT Water is toxic to humans. 
POOP 
	
Summer Smog. Generation of low-level ozone that causes 
respiratory problems and crop damage. 
Ecotox. 	 Ecotoxicity. Pollution in ecosystems that is toxic to plants 
or animals or both. 
Eutroph. 	 Eutrophication. Pollution causing issues such as algal 
blooms. 
FFD 
	
Fossil Fuel Depletion. Consumption of fuels such as oil, 
gas & coal. 
ME 
	
Minerals Extraction. Removal of metal ores, minerals and 
aggregates. 
WE 
	
Water Extraction. Use of mains, surface and ground 
water. 
Waste Disposal. Disposal of material in landfill or 
incineration without energy recovery. 
Transport Pollution & Congestion. Represents issues 
arising from distance and mass of material transported. 
European Committee for Standardisation. 
the amount of impact in each of the environmental impact 
categories. Many different emissions can contribute to 
each impact category. The different emissions in each 
category are converted into the amount of reference 
substance needed to give the same effect. Each category 
has its own reference substance, e.g. CO2 is the 
WD 
TP&C 
CEN 
characterised profile 
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IPP 
IPPC 
ISO 
Kyoto Protocol (1992) 
LCI 
LCIA 
life cycle 
reference substance for Climate Change, and the 
amounts of any greenhouse gases in the Inventory Table 
are converted to the amount of CO2 needed to cause the 
same effect. The impact categories are in different units 
and the values cannot be compared. 
Construction Products Directive. 
Corporate Social Responsibility. 
Residential version of BREEAM. Assesses sustainability 
of residential developments. 
the normalised profile values are multiplied by weighting 
factors developed for each impact category and the 
results summed to give a single figure. 
the energy used in the production of a material - 'total 
primary energy that has to be sequestered from a stock 
within the earth to produce a specific good or service'. 
environmental issue being examined, e.g. Climate 
Change, Acid Deposition and Human Toxicity to Air. 
the level of impact in each environmental impact category 
for the functional unit or product being studied. 
Environmental Product Declaration. 
the materials needed to achieve the desired purpose 
(function) for a given time. 
Global Type III EPD Network. 
greenhouse gas. 
applies understanding of how people take in and respond 
to sensory stimuli to develop effective written materials. 
material or energy that enters a unit process (can include 
raw materials and intermediate products). 
material that has already been processed before being 
used to produce a product. 
table of amounts of resources used, and products and 
emissions produced to achieve the product or function 
being studied. 
Integrated Product Policy. 
Integrated Pollution Prevention and Control. 
International Standards Organisation. 
To address man-made Climate Change through 
reductions in GHGs, e.g. CO2, methane and SF6. Came 
into effect in February 2005. 
Life cycle inventory — conversion of process inputs and 
outputs into environmental burdens contributing to the 
environmental impact categories being assessed. 
Life cycle impact assessment. Accumulation of the LCI 
data into total impacts for each environmental impact 
category studied. 
consecutive and interlinked stages of a product system 
from raw material acquisition or generation of natural 
CPD 
CSR 
EcoHomes 
ecopoints 
embodied energy 
environmental impact 
category 
environmental profile 
EPD 
functional unit 
GEDnet 
GHG 
Information Design 
(Human Factors) 
input 
intermediate 
products 
inventory data 
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Glossary and Abbreviations 
resources to the final disposal. 
life cycle assessment compilation and evaluation of the inputs, outputs and the 
(LCA) 	 potential environmental impacts of a product system 
throughout its life cycle. 
Montreal Protocol 	To address man-made ozone depletion through phasing 
(1987) 	 out of ozone-depleting gases such as CFCs and HCFCs. 
NGO Non-Governmental Organisation. 
normalised profile 	The characterised profile is referenced to the 
environmental impact for each category at the national or 
global level in one year (usually for 1 citizen), giving a 
'normalised' profile; the values are directly comparable. 
output 	 material or energy that leaves a unit process (may include 
raw materials, intermediate products, products, emissions 
and waste). 
primary energy 	gross energy in the primary fuels extracted from resource 
stocks. 'Stock within the earth' needs definition and is 
sometimes used to mean materials used for fuel that 
cannot be renewed, i.e. 'fossil fuels'. 
raw materials 	unprocessed material that is used to produce a product. 
reference substance 	substance that is used to calculate how much of this 
substance would be needed to give the same 
environmental impact as each of the many substance 
contributing to an environmental impact category. For 
example, carbon dioxide (CO2) is the reference substance 
for Climate Change (CC100), so all the other gases 
contributing to Climate Change are converted into the 
amount of CO2 that would be needed to give the amount 
of Climate Change that each different gas would cause, 
e.g. 1 kg of methane causes 23 times as much Climate 
Change as CO2 (for the 100-year timeframe), so 1 kg 
methane is equivalent to 23 kg of CO2. 
REPA 	 Resource and Environmental Profile Analysis. An early 
form of LCA developed in the USA. 
SBTG 	 Sustainable Buildings Task Group. 
SETAC Society of Environmental Toxicology and Chemistry. 
SPOLD 	 Society for the Promotion of Life Cycle Assessment 
Development. 
Sustainable 	 1. The Brundtland definition: 'Development that meets the 
Development needs of the present without compromising the ability of 
future generations to meet their own needs'. 
2. The UK Government's definition: 'At the heart of 
sustainable development is the simple idea of ensuring a 
better quality of life for everyone, now and for generations 
to come'. 
Requires that environmental, social and economic factors 
are all considered together. Alternative terminology of 
'people, planet, profit' sometimes used. 
Has given rise to fields of 'Sustainable Consumption and 
Production' (SCP), 'Sustainable Construction', and 
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Type I environmental 
label (ISO 14024) 
Type II environmental 
label (ISO 14021) 
Type III 
environmental label 
(ISO/TR 14025) 
UNCED 
UNEP 
VOC 
WSSD 
WTO 
concept of 'one planet living'. 
Voluntary, multiple-criteria-based third party programme 
that awards a licence which authorizes the use of 
environmental labels on products indicating overall 
environmental preferability of a product within a particular 
product category based on life cycle considerations. 
Type I environmental labelling schemes include: Blue 
Angel; EC Ecolabel; Nordic Swan. 
Environmental claim that is made, without independent 
third-party certification, by manufacturers, importers, 
distributors, retailers or anyone else likely to benefit from 
such a claim. 
Type II self-declarations often cover aspects such as: 
Compostable; Degradable; Designed for disassembly; 
Recycled content; Pre-consumer material; Post-consumer 
material; Recovered (reclaimed) material; Reduced 
energy, material or water consumption; Re-usable. 
Quantified environmental data for a product with pre-set 
categories of parameters based on the ISO 14040 series 
of standards, but not excluding additional environmental 
information provided within a Type III environmental 
declaration programme. 
United Nations Conference on Environment and 
Development. 
United Nations Environment Programme. 
Volatile Organic Compound. 
World Summit on Sustainable Development ('Rio +10'). 
World Trade Organisation. 
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1 Introduction 
1.1 Sustainable development 	  20 
1.2 Sustainable construction  24 
1.3 Why evaluate the environmental performance of timber and why investigate 
the communication of that performance? 	  26 
1.4 How to evaluate the environmental performance of timber and how to 
investigate the communication of that performance 	  30 
1.5 The purpose and structure of this thesis 	  35 
1.5.1 	Thesis structure 	  37 
This introduction gives the background to the research presented in this thesis. The 
Chapter sets out why the environmental performance of UK sawn softwood products 
was assessed, and why the importance of environmental information and the means of 
communicating it were also investigated. The Chapter also describes briefly the key 
research questions addressed and how the methodological choices were made. 
The question 'Why assess the environmental performance of UK sawn softwood?' is 
perhaps best answered by looking at the rise in importance of factual, substantive 
information on environmental issues. One of the key drivers for this has been the rise 
of the concept of 'Sustainable Development', resulting in interest in 'Sustainable 
Consumption and Production' (SCP) and 'Sustainable Construction'. 
1.1 Sustainable development 
Sustainable development demands that three aspects are addressed: social, 
environmental and economic (or as Otto, undated, pragmatically puts it, 'people, 
planet, profit'). These three aspects are sometimes referred to as the 'three pillars' of 
sustainable development because success must be achieved in all three together to 
achieve `sustainability'. Although the concepts of sustainable development were first 
set out in the Brundtland Report of 1987, sustainable development did not achieve its 
current importance until the 1992 United Nations Conference on Environment and 
Development (UNCED) in Rio de Janeiro. This introduced the concept of the 
'precautionary principle' and produced 'Agenda 21' as the means to achieve the 
Principles set out in the Rio Declarationa. 
a The Rio Declaration set out the principles the conference wished to see adopted, e.g. Principle 
1 concerned sustainable development and Principle 15 addressed the precautionary approach. 
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2002 saw the World Summit on Sustainable Development in Johannesburg (WSSD, 
dubbed 'Rio +10'), where world leaders agreed on the fundamental need to change 
consumption and production patterns. The leaders committed to '... promote social and 
economic development within the carrying capacity of ecosystems ... delinking 
economic growth and environmental degradation ... with developed countries taking 
the lead'. 
In the UK, there are two main interpretations of sustainable development: 
1. The Brundtland definition: 'Development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs'. 
(Bruntland Commission, 1987) 
2. The UK Government's definition: 'At the heart of sustainable development is the 
simple idea of ensuring a better quality of life for everyone, now and for generations 
to come'. (Defra, 1999a) 
But why is sustainable development important? Otto (undated) presents some 'rules of 
thumb' on sustainability or, rather, the lack of sustainability presented by current 
production and consumption behaviours. She cites the '80:20 rule' — the developed 
world accounts for around 80% of resource use but only represents around 20% of the 
world's population (for the USA this is closer to a 25:5 rule — about 4.7% of the world's 
population using nearly a quarter of its energy). She states that a consensus view is 
forming that there needs to be an increase in resource efficiency of between 4 and 10 
times to achieve sustainability at current levels of consumption and points out that 
many developed countries have ecological footprints (the amount of land needed to 
meet the levels of consumption) much larger than their 'fair earth share' and often 
larger than the areas of productive land in each country. 
So far, much of the effort has been directed at the environmental aspect of sustainable 
development, although gaps in knowledge remain. Two key steps have been the 
development of the Kyoto Protocol and the Montreal Protocol. 
The Kyoto Protocol was a key outcome of the first world summit on sustainable 
development (UNCED, 1992). The protocol required nations to sign up to legally 
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binding reductions in their greenhouse gas (GHG) emissions,b with reductions 
calculated against the levels in 1990, and reflecting the needs of developing countries 
to continue their industrialisation and the damage already caused by the 
industrialisation of the developed world. Since the main source of GHGs is the 
combustion of fossil fuels (oil, coal and natural gas), energy and transport are key 
contributors to the emission of GHGs. The protocol could only come into effect when 
55 countries had signed up to it; this was finally achieved when Russia signed the 
protocol and it came into effect on 16 February 2005. The USA remains the main 
developed country not yet signed up to the protocol; this is significant, in light of the 
25:5 rule. 
The UK has a legally binding commitment to a 12.5% reduction in its GHG emissions 
compared to 1990 levels by 2008 -12, as part of the reduction agreed by the EU. The 
UK has set its own non-enforceable target of reducing CO2 emissions by 20% relative 
to 1990 levels over the same timeframe. Defra (2005) state that emissions of methane, 
nitrous oxide and fluorinated compounds have decreased by 41% since 1990. This is 
mainly as a result of the implementation of Integrated Pollution Prevention and Control 
(IPPC) measures, diversion of material from landfill, the increased use of landfill gas for 
energy, and the UK emissions trading scheme. Reductions in these gases are 
important because they cause a greater level of Climate Change than does CO2, so 
that relatively small reductions in the amounts of these can achieve proportionately 
greater reductions in the emission of GHGs. However, CO2 is produced in large 
quantities and remains a key emission to reduce. Unfortunately, UK CO2 emissions 
rose by 2.2% between 2002 and 2003 but Defra assert that this does not mean that the 
Kyoto target cannot be met. Brown (2005) suggests that the rise in CO2 emissions is 
due to the Government's renewable energy programme being behind schedule, an 
increase in traffic and the Government backing-off from fuel duty increases. 
The Montreal Protocol was signed in 1987 to address the production of man-made 
ozone-depleting gases (mainly halogenated compounds, particularly those containing 
chlorine and fluorine such as CFCs and HCFCs, plus NOR). CFC manufacture has 
been banned since 2000 and HCFCs are to be phased out by 2015; from 1 January 
2004, neither CFCs nor HCFCs can be used in new refrigerating plant. The protocol 
has been very successful in addressing the issue of ozone depletion. In 2000, the 
b The main GHGs are: carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), sulphur 
hexafluoride (SF6), halocarbons (including CFCs and perfluorocarbons, e.g. CF4, and 
hydrohalocarbons, e.g. HFCs and HCFCs). Water vapour and nitrogen oxides (NO,) have an 
indirect effect because they increase the effects of some of the main GHGs. 
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United Nations Environment Programme (UNEP) reported that if all the control 
measures of the Protocol were observed by all countries, then the ozone layer would 
recover by the middle of the twenty-first century. However, removing the use of the 
pesticide methyl bromide presents a challenge to the final success of this Protocol 
(UNEP, 2005). 
Two other drivers for evaluating environmental performance are the EC's product-
focused environmental policy programme Integrated Product Policy (IPP), and the slow 
but steady rise of Corporate Social Responsibility (CSR). IPP is aimed at helping 
Member States, local authorities, businesses and non-governmental organisations 
(NGOs) to adopt 'green' product policies. CSR is pushing business to move away from 
judging its success purely by economic measures, and bringing social and 
environmental performance into the equation. 
The UK Government has placed sustainable development high on its agenda. 
Following on from Johannesburg, the UK Government set out its 'Sustainable 
Development Strategy' with the actions it had identified to meet goals such as reducing 
the UK's CO2 emissions by around 60% by 2050 (DTI, 2003). The policy objectives 
include: focusing on the most important environmental impacts associated with the use 
of particular resources rather than the total level of resource use (covering aspects 
such as CO2 reduction targets, water use to be within replenishment limits (Defra, 
2002), and reducing the landfilling of biodegradable waste by 65% by 2020 (EC, 
1999)), and encouraging and helping active and informed individual and corporate 
consumers who practice more sustainable consumption. 
The approaches taken to achieve these policy objectives include: considering whole life 
cycles of products and services; intervening to deal with problems as early as 
practicable in the resource/waste flow; and integrating Sustainable Consumption and 
Production (SCP) thinking and objectives in all policy development and implementation. 
There is also evidence of widespread Parliamentary support for sustainable 
development with the updating of the Building Act 1984 to become the 'Sustainable 
and Secure Buildings Act 2004'. The Act is aimed at reducing the environmental 
impacts caused by homes and other buildings, with an environmental focus on energy, 
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water, resource use and waste generation. The Act opens the way for home electricity 
generation using renewable sources, and limiting the use of scarce or non-renewable 
resources. 
1.2 Sustainable construction 
Where does construction fit in to the sustainable development agenda? Smith et al. 
(2002) conducted a mass balance study for the UK construction industry and found that 
in 2000 construction used around 364 million tonnes of materials (295 million tonnes 
were primary materials, mainly quarry products and cement and plaster; 21 million 
tonnes were secondary materials, such as road planings, coastal dredged material and 
mineral wastes such as pulverised fuel ash; 46 million tonnes were recycled materials, 
mainly recycled aggregates and construction and demolition waste; and 3 million 
tonnes were reclaimed material, such as architectural salvage). Smith et al. also 
reported that construction produced some 90 million tonnes of construction and 
demolition waste but that almost half of this was recycled; they estimated that timber 
accounts for 10% of construction and demolition waste. The European Environment 
Agency found (EEA, 2003) that construction and demolition are the leading generators 
of waste in Western Europe. 
Smith et al. also estimated the energy consumption of the construction sector and 
found that it accounts for fractionally less then 8 million tonnes of oil equivalent, with 
mineral extraction and product and material manufacture accounting for half the energy 
use and the transport of materials, products and waste accounting for a further 39%. 
These figures do not include the energy consumed during the use of buildings but 
alone represent a little less than 5% of the UK's total consumption of energy and 
around 22% of industrial energy use (Pearce, 2003). Sorrell (2003) analysed the 
energy consumption of buildings and found that they account for just less than 50% of 
total UK energy use and carbon emissions; domestic buildings account for almost 30% 
of total energy use and carbon emission, whilst commercial buildings account for 
around 17% of energy use and about 19% of carbon emissions. 
Timber is an important construction material with around10,299,000 m3 of sawn 
softwood being consumed by the UK in 2003 (Forestry Commission, 2004); the level of 
consumption is approximate since it is derived indirectly by summing figures for 
production and import and then subtracting the figure for export. The importance of 
timber and forestry is reflected in the forestry sector being one of only a handful of UK 
1.2 Sustainable construction 	 24 
1 	Introduction 
industry sectors asked to prepare a sustainability strategy in support of the 
Johannesburg WSSD in 2002. It was at WSSD that the UK Forest 'Partnership for 
Action' was launched, which was established to bring together government, business 
and environmental groups to promote sustainable development in the forestry sector. 
In 2003 the forest-based industries formed a Sustainability Task Group and produced a 
sector strategy 'Naturally Wood. A sustainability strategy for the UK forest industries 
sector'. This set out to address the environmental, social and economic aspects of 
sustainability. The key topics identified under environmental sustainability were: 
measuring environmental impacts; production and procurement of sustainably grown 
wood; biodiversity and land use; transport and distribution; waste, recovery and re-use, 
and bio-fuel and energy. 
Sustainability not only demands consideration of social, environmental and economic 
issues but also implicitly requires whole life thinking to avoid the risk of problem-shifting 
rather than problem-solving. The United Nations' Environmental Protection section has 
made life cycle thinking central to its approach. TOpfer (2002) stated that 'life cycle 
thinking is a vital concept to meet everyone's needs as the world's population expands 
and consumption increases'. He also pointed out that education on the approach is 
needed, along with identification of the users' needs, and the key areas and sectors to 
focus activities on. 
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An example of the need to apply whole life thinking from the beginning of a project is 
the reaction to Shell's intention to dispose of the Brent Spar oil buoy at sea. Shell had 
identified disposal at sea as the best practical environmental option. But the reason 
that disposal at sea was the 'best' option identified was that life cycle thinking had not 
been applied at the design stages to account for the end of life impacts. The Brent Spar 
case also highlights the influence of values and that perceived importance can have 
greater influence than factual evidence, as Jensen et al. (1997) point out, a case where 
'hard' values have more power than 'soft' facts. The actions of environmentalists 
ensured that Shell changed their disposal option for the Brent Spar and the remainder 
of the buoys coming to the end of their useful life. 
Another recent example of where life cycle thinking would have been valuable is that of 
BSE (Bovine Spongiform Encephalitis), where an evaluation of the potential 
consequences of actions taken in one part of the food chain could have been tracked 
through the life cycle using 'what if?' scenarios. 
1.3 	Why evaluate the environmental performance of timber and why 
investigate the communication of that performance? 
Construction has a considerable contribution to make to achieving sustainable 
development. Timber is a major construction material with a wide range of uses. It is a 
renewable material for which environmental claims are often made but not always 
supported by factual evidence. Consequently, there is a need to know what the 
environmental impacts of UK timber are. This information would help the industry to 
understand its environmental performance and the role it has to play in the move to 
sustainable construction and sustainable development. 
The need to consider the whole life cycle is clear. However, timber is an unusual 
material because of the interaction within the forest products sector and because of the 
long timeframe involved in producing it (softwood rotations are typically 70 years in the 
UK). Timber is also used for an enormous range of purposes. These factors led to the 
decision for the present research to employ a method that could cover a whole life 
assessment but to begin with an assessment of the process of producing logs and 
converting these into solid products. The information derived for solid timber could then 
be taken forward into whole life assessments for any of the multiple uses for timber in 
construction and packaging applications. 
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Wood production in the UK is dominated by softwoods with 10,040 m3 overbark 
standing' produced in 2003 (Forestry Commission, 2004). Production levels are 
currently increasing, with production expected to be around 15,480 m3 overbark 
standing produced annually between 2017 and 2021 (Forestry Commission, 2004) as 
the material planted in the mid-part of the twentieth century reaches maturity. 
Softwoods also account for the majority of timber used in construction. Consequently, it 
was decided to examine the environmental performance of sawn, softwood products 
processed in the UK from UK-grown logs. 
Determining the environmental performance of UK sawn softwood products is useful in 
itself to provide information that was not previously available. However, it is much more 
useful to ensure that the information can be used by those who decide what materials 
to use for which purpose. Communication of the information is critical to getting it used 
and to working to reduce environmental impacts and support the move towards 
sustainable construction. The key is to find an effective way to do this that meets the 
needs of the user and can stand up to scrutiny by experts. An area of considerable 
activity is that of eco-labelling and environmental declaration. The work in this area was 
examined to see if the presentation formats being developed for construction products 
would meet the requirements of the experts and give the users what they need to 
include environmental performance in their product selection criteria. 
There is considerable interest in the communication of environmental information. In 
2003 the UNEP/SETAC Life Cycle Initiative (Sonnemann, 2003) recognised the 
importance of addressing the communication of life cycle information (Task Force 3 
under the life cycle methodology, LCM, Working Group) and providing training 
materials and education on LCA (Task Force 6, cutting across the LCM, life cycle 
inventory, LCI, and life cycle impact assessment, LCIA, Working Groups). 
At the 'Better Buildings Summit' in October 2003, the Government announced the 
setting up of the Sustainable Buildings Task Group (SBTG), with the remit of advising 
the Government on practical and cost effective measures to improve the sustainability 
of buildings in both the short and the long term. The SBTG first met in December 2003 
and in its published report (Harman and Benjamin, 2004) identified the need to provide 
sustainability information for construction materials and products and recommended 
the development of a voluntary Environmental Product Declaration (EPD) scheme (a 
c A volume based on measurements taken over the bark whilst the tree is still standing in the forest. 
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mandatory scheme would be illegal under the terms of the Construction Products 
Directive). But the SBTG demand a lot of any such scheme. They recommended that 
the scheme be based on ISO and CEN activity and be at the European or international 
level to ensure support from manufacturers, who do not want to have to produce 
different information for different countries. However, Macnaghten et al. (1995) found 
that information that cannot be related to local circumstances is often ignored, which 
begs the question 'Will information targeted at the European level have any meaning to 
people in the UK?'. 
The SBTG also recommended that the EPD scheme provide information to both 
consumers and professional purchasers of construction products, pointing out the 
substantial contribution of the refurbishment, home improvement and DIY sectors. 
They further suggested that EPDs should be able to help the user 'make informed 
choices' between similar products (i.e. at the material level) or designs (i.e. at the 
building level). This second recommendation appears to be requesting 'interpretation' 
of the facts, an admirable desire but one that conflicts with the demands of the 
International Standards they wished to see the EPD based on. 
Curran (1997) identified the need for education on LCA and for improved access to 
relevant and quality data to enable LCA to fulfil its potential as a tool for informing 
policy development. Jensen et al. (1997) concluded that the level of LCA knowledge 
amongst the public was 'worryingly low'. Darnton (2004) sought to help the 
Government develop effective communications on Sustainable Development. His work 
highlighted the lack of general awareness and understanding of the term 'sustainable 
development' (only around one third of people claimed to have heard the term and only 
around 10% understood what it meant). He pointed out that the approach of 
'sustainable consumption' (minimising the impacts of everyday behaviours, whilst 
achieving at least a minimum quality of life for all) most closely links with Brundtland's 
approach whilst the more recent concept of 'sustainable communities' (maximising the 
outputs of everyday behaviours in terms of community engagement, which helps to 
deliver at least a minimum quality of life for all) aligns more closely with the 
Government's interpretation. However, he points out that trying to inform people about 
the concepts of Sustainable Development may not be as productive as informing them 
about what they can do that benefits them and their local community directly (the 
'what's in it for me?' motivator) and helps pursue the sustainability agenda. 
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Kotaji et al. (2003) identified that research into knowledge transfer and communication 
was needed, especially in the field of product declarations and labelling for Building 
Material and Component Combinations (BMCC), and Buildings and Constructions 
(BC). They also wished to see any such research disseminated via education, the 
raising of environmental consciousness of all stakeholders in buildings and 
construction, and a uniform presentation format for results. ISO/TR 14025 also 
supported this conclusion and identified the need for communication-related research. 
Weidema (2000) also identified the communication of LCA results to the decision-
makers as critical and suggested that long tables of figures and obscure environmental 
indicators were not facilitating the transfer of knowledge. He stated that new tools were 
needed to present LCA information in a form readily understandable by its audience, 
whether that audience is strategic decision-makers, eco-designers or consumers. He 
believes that the communication challenge is finding a way to present LCA results so 
that the information does not become lost, biased or oversimplified. 
Jensen et al. (1997) gives a quote from Mariane Hounum (of the Danish Environmental 
Protection Agency) that sums up the paradox of requiring simple information that is 
completely transparent: 
We need to find a simple way of communicating the results of LCA, because most people 
have neither the time nor the interest to read entire documents. But if the answers are 
simple, then again the question of credibility arises because there is no way for 
[stakeholders] to check the validity of the results. 
Perhaps then the first communication challenge is to identify what people are looking to 
achieve with environmental information, followed by determining what information they 
need to achieve that purpose and then finding how best to present the information they 
need in as clear a form as possible. 
Having identified the need to assess the environmental performance of UK-grown and 
processed softwoods and to examine how to communicate environmental information, 
the next questions are how to measure the environmental performance and how to 
develop and test a communication format. 
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1.4 How to evaluate the environmental performance of timber and how to 
investigate the communication of that performance 
A range of environmental assessment tools exists, such as Environmental Impact 
Assessment, Environmental Audit, Substance Flow Analysis, Technology Assessment 
and Risk Assessment. Each of these approaches has its own strengths and 
weaknesses and each is relevant to answer particular questions. However, none of 
them looks at a whole life. The method identified as being most applicable to studying 
the environmental performance of UK sawn, softwood products was Life Cycle 
Assessment (LCA). ISO 14040 defines LCA as the 'Compilation and evaluation of the 
inputs, outputs and the potential environmental impacts of a product system throughout 
its life cycle'. 
There is high-level support for the use of LCA for evaluating the environmental 
performance of UK sawn softwood, from both the United Nations and the European 
Community. 
The UNEP's International Environmental Technology Centre (IETC)d reported on tools 
useful for identifying 'environmentally sound technologies' and stated that 'Life cycle 
assessment is a useful tool for measuring environmental performance, and helps 
determine where actions can be taken to reduce environmental and socio-economic 
impacts' (IETC, 2003). This report also identified that, over a lifetime, 'LCA can assist in 
making comparable material choices'. 
In 2004 the EC published procurement guidance (EC, 2004) that emphasised the need 
for clear and precise technical specifications, using environmental factors where 
possible. The advice suggested included looking for examples of environmental 
characteristics in databases or ecolabels; taking a scientifically sound 'life cycle 
costing' approach to avoid shifting environmental impacts from one stage of the life 
cycle to another; and using performance-based or functional specifications to 
encourage innovative 'green' offers. 
Choosing a method that considers 'cradle-to-grave' is especially important for a 
material such as timber where the initial uptake of CO2 by the growing tree to produce 
d The IETC was set up by UNEP in response to Agenda 21. IETC evolved further in response to 
• the 2002 World Summit on Sustainable Development and has sustainable development as its 
central mandate. 
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the wood can result in a negative Climate Change impact in the early stages of life. To 
present this type of information correctly, it is necessary to look at materials achieving 
the same purpose to the same level of specification (rather than compare a kg of wood 
with a kg of steel, brick or aluminium). It is also imperative that the impacts caused by 
the use and the end-of-life disposal of the material are considered. 
There has been considerable activity in the LCA field, with many different methods of 
completing an LCA emerging (the ISO 14040 series provides guidance on the 
approach rather than a specific method to use). The focus of the approaches 
developed tends to reflect the expertise and interests of those developing them and the 
environmental issues dominating their national circumstances. 
Since the objective of this work was to evaluate a material that is widely used in 
construction, it was necessary to use a method that took into account the special 
circumstances that the longevity of buildings causes and that allowed for individual 
materials to be put together to assess the performance of building components and 
whole buildings. 
The Building Research Establishment (BRE) in the UK worked with the construction 
sector to develop a method that could evaluate the environmental performance of 
construction materials in a consistent way that allowed the information on individual 
materials to be combined to assess the impacts of building elements over a complete 
life cycle (Howard et al., 1999). 
The underlying approach used was LCA and the methodology was developed using 
the best practice of existing methods where available and devising new approaches 
where gaps existed. The methodology developed boundary rules, set out allocation 
procedures, determined the relevant environmental impact categories and identified the 
most well-developed characterisation factors for each category, and established the 
annual level of impact in each category for one UK citizen to allow normalisation of the 
impact categories and direct comparison of the levels of impact in each. The method 
was independently reviewed and judged to conform to ISO 14040. 
The appropriateness of BRE's approach to LCA is supported by Finnveden (2000). He 
concluded that LCA is a useful contributor to decision-making because it is the only tool 
1.4 How? 	 31 
1 	Introduction 
that can be used for product comparisons over the whole life cycle and because it 
cannot be replaced by any other single tool. He also pointed out that deciding on many 
methodological choices is an essential step if the purpose of the LCA is to compare the 
environmental performance of products and ultimately say that one product is 
environmentally preferable to another. 
ISO 14040 does not allow valuation of environmental impacts (where importance is 
assigned to each impact category). However, BRE's experience indicated that the 
users of environmental information in the construction sector wished to have single 
figure results that included judgements of the relative importance of the environmental 
issues assessed. BRE carried out an exercise to investigate the importance attached to 
the environmental issues assessed by its LCA method. This exercise involved 
consulting a wide range of interested parties, including academic experts, material 
producers and NGOs. The result was a set of weighting factors for the different 
environmental impact categories that could be used to produce a single, weighted 
score in 'UK Ecopoints' (Dickie and Howard, 2000). 
The LCA and valuation methods provide a means of comparing the whole life 
performance of different specifications for the same building element (e.g. an external 
wall or a ground floor). The approaches were used together to produce a software tool 
(EnvEst) that uses UK Ecopoints to compare the environmental impacts of different 
building designs. The approaches were also used to produce the 'Green Guide to 
Specification' (Anderson et al., 2002) and the 'Green Guide to Housing Specification' 
(Anderson and Howard, 2000). These two publications present A, B or C ratings 
(where A = lowest environmental impact and C = highest) for environmental 
performance in each environmental category and a summary A, B or C rating based on 
the weighted level of impact in each category. 
The information in the Green Guides is itself taken up by BRE's sustainable 
development schemes BREEAM (BRE Environmental Assessment Method, targeted at 
commercial buildings) and EcoHomes (the residential version of BREEAM) as part of 
their assessment of the impacts of the materials used to produce a commercial or 
residential development. There is considerable support for these two schemes from the 
UK Government, private developers and NGOs. The SBTG has recommended that 
BREEAM forms the basis of its proposed 'Code for Sustainable Homes'. 
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The BRE approach to LCA, therefore, seemed the most appropriate one to use for the 
present research, both because of its effectiveness as an LCA method for assessing 
construction materials and components and because of its links to whole building and 
complete development assessment tools. 
The BRE LCA method also complements the environmental rationale behind the SCP 
focus, which is to look at the issues where environmental impact is not yet decoupled 
from economic growth: carbon emissions, water use, water quality, waste, and the 
marine environment. A set of Sustainable Development Indicators (SDIs) has been 
developed for the UK (Sustainable Development and National Statistics, 2004) mainly 
based on the UK Government's publication 'Quality of Life Counts' (Defra, 1999b). 
These indicators include: greenhouse gas emissions; resource use; fossil fuel 
depletion; waste generation; air quality; and water quality and abstraction. All of these 
are successfully measured by BRE's LCA method. There are, however, other 
indicators in the set that LCA does not address very successfully as yet, such as land 
use and the level of forest and woodland cover. It may be that LCA is not the best way 
to address these issues and that an alternative approach is more appropriate and can 
produce more meaningful results. 
The environmental assessment of UK sawn softwood was carried out in collaboration 
with Bill Hillier (Imperial College), who worked with the Forestry Commission (Crown 
forests) and the Timber Growers Association (private forests) to assess the 
environmental impacts of commercial forestry producing Sitka spruce and Corsican 
pine. Working with members of the UK Forest Products Association (UKFPA), data was 
gathered from 15 mills accounting for over 60% of the UK's sawn softwood production. 
The data, gathered by visits and a follow-up questionnaire, was analysed using BRE's 
environmental profiling methodology. 
Producing a detailed evaluation of the environmental performance of UK sawn 
softwood revealed the need to answer some fundamental questions: 
1. What is understood by the phrase 'environmental issue'? 
2. Why are environmental issues important? 
3. Where do they fit in the decision-making process or in people's priorities? 
4. Who is using environmental information? 
5. Where do they get the information they need? 
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6. What are they doing with it? 
7. How do they want the information presented? 
A postal survey and telephone interviews were used to gather answers to these 
questions from a selection of companies producing forest products and those using 
construction materials (architects, local authorities and housing associations). 
The information from the survey was used to help determine the format of the prototype 
EPD developed to meet the requirements of the ISO DIS 21930 'Buildings and 
constructed assets — Sustainability in building constructions — Environmental 
declaration of building products' and also to provide the type of information the user 
was requesting. The format layout was developed using the principles of Information 
Design, which takes the concepts of cognitive science and translates them into 
methods to use to present information to a target audience. This approach was used in 
an attempt to add meaning to the environmental information and aid its conversion into 
knowledge. 
The EPD format was assessed by adopting a Usability Testing approach; the EPD was 
meant to enable people to choose between different options based on their 
environmental performance, so finding out if it could do that was an important question 
that Usability Testing could answer. 
1.4 How? 	 34 
1 	Introduction 
1.5 	The purpose and structure of this thesis 
The main argument of this thesis is that nothing can be done about environmental 
performance until it is measured. However, measuring performance is not enough — the 
environmental performance must then be communicated to those making decisions, so 
that environmental impacts can be minimised as far as possible and the consequences 
of choices taken understood. 
With this argument in mind, the research questions that this thesis set out to answer 
were: 
Question 1. What is the environmental performance of UK-grown and processed 
timber according to the BRE methodology? 
Question 2. How can the environmental performance of UK-grown and processed 
timber be clearly and concisely communicated to the users of 
construction materials? 
The environmental performance of UK sawn softwoods had not been evaluated to this 
level before and no work seems to have been done to assess how well the EPD format 
proposed by the ISO will meet users' needs and enable environmental performance to 
become a product selection criterion. 
The thesis.can be divided into two main stages: 1. evaluation, and 2. communication. 
The activities associated with these stages are set out below. 
Stage 1. Establish the facts 
■ LCA of UK-grown and processed, sawn softwood 
o Forests4 environmental impacts of logs 
o Sawmills - environmental impacts of 1 m3: 
o Sawn 
	 EVALUATION 
o Kilned 
■ Kilned and treated 
o Treated 
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Stage 2. Communicate the facts and convert 
information into knowledge 
■ Evaluate role of environmental information in 
construction-related companies 
	
COMMUNICATION 
■ Presentation of information 
o Developing an EPD 
o Testing the EPD 
o Evaluating the EPD 
The thesis sets out to answer the research questions and describe the work identified 
in the two stages of the thesis. 
Aims and objectives 
The aims of this research were: 
1. To evaluate the environmental performance of UK-grown and processed, sawn 
softwood. 
2. To develop a clear and concise method for disseminating the environmental 
performance of timber to a wide range of audiences. 
The objectives set out below describe the steps taken to achieve these aims: 
1. Collect Life Cycle Inventory information for representative products from 
representative UK forests and sawmills. 
2. Conduct LCA; cradle-to-gate for sawn timber and cradle-to-grave for a building 
element. 
3. Evaluate communication methods for environmental information. 
4. Select, develop and test approach on target audiences from the construction 
sector. 
5. Produce recommendations based on findings. 
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1.5.1 Thesis structure 
Chapter 2 presents a review of the literature. The chapter describes the development 
of the LCA method, the principles of Information Design used to develop the EPD 
format, and the results of environmental performance assessments of forest products. 
The Chapter also identifies the gaps in the literature that this thesis is intended to fill. 
Chapter 3 describes how the work was done. It sets out the LCA method used for the 
environmental performance assessment, gives details of the survey on the role of 
environmental information and of how the principles of Information Design were applied 
to produce the EPD, and presents the Usability Testing approach to assessing the 
success of the EPD format. 
Chapter 4 presents and discusses the results for the environmental performance of UK 
sawn softwood LCA study (evaluation). The results are also discussed in terms of 
previous work and the implications of the results. 
Chapter 5 presents and discusses the results from the survey into the role of 
environmental information, and for the Usability Testing of the EPD (communication). 
The implications for the communication of environmental information using an EPD are 
also discussed. 
Chapter 6 contains the conclusions drawn from the two stages of the thesis and the 
key recommendation for future work. This section sets out to pull together all the 
strands of the thesis and determine how successful the work was in answering the 
research questions posed. The chapter also sets out where the work might go to 
further develop the EPD and ensure its effectiveness at meeting the needs of users 
and achieving the objectives of sustainable development. 
References presents a bibliography of the references cited in this thesis. 
Annexes comprise the Goal and Scope document for the LCA study, the data 
gathering form for the LCA study, the survey for assessing the role of environmental 
information, the EPD and the Supporting Information as tested, the usability testing and 
review questionnaires, and an example of the characterised and normalised data from 
BRE's Life Cycle Inventory database. 
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As set out in Chapter 1, the Introduction, environmental performance is attracting an 
ever greater amount of attention and the construction sector has taken note of this; 
particularly in regard to resource use and waste generation. The theme of Sustainable 
Development, which first came to the fore at the 1992 United Nations Conference on 
Environment and Development (UNCED), is becoming increasingly central to both UK 
and EC policy making. 
The UK Government has produced a Sustainable Development Strategy and a 
Sustainable Consumption and Production Framework (Defra and DTI, 2003). The 
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'Sustainable and Secure Buildings Act 2004' demands better environmental 
performance from construction. The UK Sustainable Buildings Task Group's 
recommendation that a Code for Sustainable Building should be developed (Harman 
and Benjamin, 2004) provides further evidence of the increased importance of 
Sustainable Construction. The EC has developed an Integrated Product Policy, which 
focuses strongly on minimising the environmental impacts associated with products. 
Timber is one of the major construction materials (Forestry Commission, 2004) and has 
environmental and sustainability issues of its own to address — being a renewable 
resource does not mean that it is unnecessary to know what its environmental impacts 
are. However, knowing what timber's environmental impacts are is only of benefit if that 
information can be delivered to those needing to use it and in a form that allows them 
to convert the information into knowledge. 
This thesis has the aims of establishing the facts about the environmental performance 
of UK-grown and processed solid timber ('evaluation' objective), and developing a 
means for communicating these facts and converting that information into knowledge 
('communication' objective). Consequently, this literature review draws from many 
fields and is divided into two parts: 
• LCAs of forest products 
• Communication of environmental information. 
Key points are drawn from the literature review, and used to identify the gaps that the 
work carried out in this thesis was designed to fill, to show why filling these gaps is 
important and how the work was structured to fill these gaps. 
2.1 Life Cycle Assessment (LCA) 
Interest in the impact of human activity on the environment has been increasing since 
the early 1960s. Notable works highlighting the emerging environmental movement 
include 'Silent Spring' (Carson, 1963), 'Tragedy of the Commons' (Hardin, 1968), the 
'Blueprint for Survival' (Goldsmith, 1972), and 'Limits to Growth' (Meadows and 
Meadows, 1972). 
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Initial concern centred on the effects of solid waste and many studies examined the 
performance of different packaging types. The publication of 'Limits to Growth' and the 
energy crisis both produced a shift in emphasis to the energy needed to produce and 
use products. In the late 1980s the focus returned to solid waste in the US with the 
added emphasis in Europe on the effects of environmental pollution, e.g. on forest 
decline. The late 1980s also saw the publication of 'Our Common Future' (Brundtland 
Commission, 1987), which first introduced the concept of Sustainable Development, 
which presented the need to address social, environmental and economic issues to 
achieve the goal of sustainable development. 
Knowledge of the impact of human activity increased during the 1980s and 1990s with 
the discovery of the 'ozone hole' over the South Pole (Albritton et al., 1995) and that 
the world's temperature was increasing (Houghton et al., 1996). Several environmental 
disasters (e.g. Bhopal — cyanide emissions, Seveso and the Exxon Valdez — oil spill) 
ensured that human and ecotoxicity issues were added to the emerging broader range 
of concerns over resource use and environmental emissions, with global warming 
being given particular attention (as evidenced by the formation of the 
Intergovernmental Panel on Climate Change in 1988). 
The increased attention on defining and measuring environmental impacts has resulted 
in the development of many different tools for examining and comparing the impacts of 
different products and processes (for reviews of these methods see, for example, 
UNEP, 1996). Some of these methods are for assessing the environmental impacts 
likely to occur if a development goes ahead, e.g. environmental impact assessment, or 
the potential for accidental environmental impacts from a process, e.g. risk 
assessment. Other techniques began to develop that were more product oriented, e.g. 
environmental audit. 
The energy crisis initially focused attention on what became known as the 'embodied 
energy' of products. As interest in global warming increased the approach was widened 
to cover embodied carbon dioxide (CO2) as well. However, the impacts of a product on 
the environment are more diverse than either of these measures. As the concept of 
sustainability gained in importance, particularly following UNCED, it began to be 
appreciated that it was necessary to know the environmental burdens occurring 
throughout a product's lifetime. One of the most effective tools developed so far to do 
this is Life Cycle Assessment (LCA). 
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The next section outlines the development of LCA, briefly describes the main stages 
and sets out the strengths and weaknesses of the approach. 
2.1.1 A brief history of LCA 
This section briefly reviews the history of LCA and assesses this timeline in the context 
of the emergence of the sustainable development concept. More detailed reviews are 
available from both the UK perspective (Boustead, 1996) and from the US perspective 
((Hunt and Franklin, 1996; Curran, 1999). 
The development of LCA has its roots in the environmental movement emerging in the 
late 1960s and early 1970s. The very first multicriteria life cycle study is attributed to 
Harry E. Teasley Jr. In 1969, Teasley had 3 objectives related to finding the 
environmental impacts caused by the bottling options for the Coca-Cola drink. These 
objectives were to: 1. choose between glass and plastic for bottling Coca-Cola; 2. 
choose between internal or external bottle production; 3. examine end-of-life options 
(recycling or one-way) for the chosen bottle. 
The study was seeking to quantify the energy, material and environmental 
consequences of the bottling options. The study evaluated environmental impacts from 
raw material extraction through to waste disposal. The results indicated that the plastic 
bottle was the better choice, against all expectations. The study has never been 
published in its entirety — a summary was published in 'Science Magazine' in April 
1976. Teasley's work led to the development of a method called Resource and 
Environmental Profile Analysis (REPA). Discussions on the validity of the results of 
Teasley's work and other studies using the REPA approach led to the scientific 
community's efforts to develop a standardised method for assessing environmental 
impacts over a complete life cycle and gave rise to the development of LCA. 
A timeline for the development of LCA is presented below in Table 2.1. The focus is on 
key developments in the history of LCA rather than an exhaustive review of events and 
publications. 
Table 2-1. Timeline of LCA (after Wenzel et al., 1997). 
Timeframe I Key developments 
Late 1960s 
early 1970s 
Resource and Environmental Profile Analyses (REPAs). 
Focused mainly on energy consumption, resource use and waste 
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Timeframe 1 Key developments 
generation. Not enough knowledge available to allow assessment 
of process' emissions to estimate potential environmental 
impacts. See for example, Hunt et al. (1974). 
Early 1980s LCA developed and used to assess packaging impacts 
(particularly drinks packaging). See for example, Lundholm and 
Sundstrom (1985). 
Difficulties encountered in obtaining results that allowed 
unambiguous conclusions, mainly due to differences in databases 
and methods used. Contributory factor in development of 
systematic LCA method. 
Late 1980s Growth of interest in LCA and an increasing number of different 
and evermore complex products and systems assessed. The 
increase in assessments was been paralleled by an increase in 
LCA method development. See, for example, Boustead (1993). 
Early 1990s Considerable efforts dedicated to developing the LCA approach 
and methodology. SETAC began working on LCA and 
development of the methodology — this began with general 
methodological considerations and progressed to more 
specialised subject areas. The main interest of the Society for 
Environmental Toxicology and Chemistry (SETAC) members is 
reflected in the considerable attention given to toxicity issues. 
1990: Swiss Okopunkte method published (Ahbe et al., 1990). 
1992: Dutch CML method published (Heijungs, 1992). 
1992: First EU Ecolabel scheme. 
1992: Creation of SPOLDe 
1993: SETAC LCA guidelines published. Consoli et al. (1993). 
1993: Review of LCA studies up to 1992. SustainAbility et 
al. (1993) 
1995: Nordic method published. See Lindfors et el. (1995). 
Late 1990s, 
Early 2000s 
1997-2000: ISO 14040, 41, 42, 43 standards and technical 
documents published defining the different stages of LCA 
methodology (for details, see Table 2.2). 
1999-2002: ISO 14020, 25, 48, 49 standards and technical 
documents published concerning environmental labelling and 
environmental declarations (for details, see Table 2.5). 
2001: Demise of SPOLD. 
2003: SETAC guidance on life cycle inventory practice (Beufort-
Langeveld et al., 2003). 
2005: Voting on DIS 14025 (Type III environmental declarations, 
see Table 2.5) and DIS 21930 (Environmental Declarations of 
Building Products, see Table 2.6). 
The development of LCA is strongly linked to the evolution of the sustainable 
development concept. Hall (2003) viewed the timeline of the rise of sustainable 
development as: 
SPOLD (Society for the Promotion of Life Cycle Assessment Development) - an association of industries 
who were interested in progressing the development of LCA to help companies move towards sustainable 
development. SPOLD began with work on LCA methodology then looked to build consensus on the social 
value of LCA before turning to work focused on addressing the LCA community's needs for reliable 
inventory data on basic commodities and frequently used goods and services. SPOLD ceased its 
collective activities at the end of 2001, although many of its members continue individual actions to further 
progress LCA. (From SPOLD 'memorial' website: Ica-net.com/spold/whatis.html) 
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1960s 
1970s 
1980s 
1990s 
2000s 
Emerging awareness of need to consider environmental impact 
End of pipe solutions adopted ('clean production') 
Pollution prevention approach adopted 
'Sustainable Consumption and Production' concept developed. 
Since LCA provides information about the environmental impacts associated with a 
product's life cycle, it is a key tool to support industries and governments in the move 
towards sustainable development. Curran (1999) presents the view that LCA would not 
have survived without the presence of the clean production and pollution prevention 
concepts. 
The categories of environmental impact that can be assessed with LCA range from 
climate change to human toxicity. This information, plus information on aspects such as 
costs, convenience and consumer safety, can be used in making decisions with 
environmental consequences. For example, decisions about how to develop 
government policies affecting both manufacturers and consumers, and how non-
governmental organisations (NGOs) such as environmental pressure groups and trade 
unions can produce environmentally sensitive guidelines (UNEP, 1996). 
2.1.2 Standardisation in LCA 
TC 207 of ISO is responsible for 'Standardization in the field of environmental 
management systems and tools in support of sustainable development.' TC 207 
explicitly excludes 'test methods of pollutants, setting limit values and levels of 
environmental performance, and standardization of products' from its remit. 
The sub-committee TC 207/SC 5 'Life cycle assessment' is responsible for standards 
relating to LCA studies. Table 2.2 sets out the standards published by this committee. 
Table 2-2. LCA standards published under TC 207/SC 5. 
ISO 
ISO 14040 
Publication 
September 1997 
English title 
Environmental management - Life cycle assessment 
- Principles and framework 
ISO 14041f December 1998 Environmental management - Life cycle assessment - Goal and scope definition and inventory analysis 
ISO 14042f May 2000 Life cycle assessment - Life cycle impact assessment 
ISO 14043' May 2000 Life cycle assessment - Life cycle interpretation 
ISO 14048 April 2002 Environmental management - Life cycle assessment - Data documentation format 
f  Replaced in 2006 by updated 14040 and new standard 14044 'Environmental management. 
Life cycle assessment. Requirements and guidelines'. 
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ISO Publication English title 
ISO 14049 March 2000 
Life cycle assessment - Examples of application of 
ISO 14041 to goal and scope definition and 
invento anal sis 
2.1.3 Stages of LCA 
Evaluating the environmental impact of a product over its entire life is an extremely 
complex task. Consequently, many different approaches using different terminology 
developed causing confusion and devaluation of the technique. Both the International 
Standards Organisation (ISO, series 14040) and the Society for Environmental 
Toxicology and Chemistry, SETAC (Consoli et al. 1993)) have been working to clarify 
the methodology. 
There have been other notable publications on the methodology development: the 
Swiss Okopunkte (`Ecopoints') method (Ahbe et al., 1990); the CML method (Heijungs, 
1992; Guinea, 2002); the Nordic method (Lindfors et al., 1995) and the Danish EDIP 
method (Wenzel et al., 1997, Hauschild and Wenzel, 1997). Development of the 
methodology is an on-going process. 
LCA is broken down into the following stages: 
Goal and scope definition: this is where the purpose of the study and its intended use 
are set out. The product(s) to be assessed are defined, a functional basis for 
comparison chosen and the necessary level of detail and quality needed are set. 
Inventory analysis: the processes involved in achieving the function described in the 
goal and scope stage are mapped out. Information on the energy and raw materials 
used, along with the emissions to air, land and water, are quantified for each of the 
processes involved and then combined to give an inventory table summing these for 
life cycle stages or for the whole life cycle. 
Impact assessment: this stage is sub-divided into 3 parts: a) classification where the 
effects of resource use and emission generation are allocated to the relevant impact 
categories; b) characterisation where the contributions of different substances to each 
impact category are referenced to that of a specific substance ('normalisation' is an 
extension of this step and relates the level of impact recorded for the product in each 
category to the total amount of each problem occurring nationally, regionally or world-
wide in one year); and c) valuation where the results for each impact category are 
weighted to indicate their relative importance (this step is optional and is not allowed 
under ISO for published comparisons of products). 
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Improvement assessment: the need and opportunities for reducing the environmental 
impacts of the product(s) are systematically evaluated. The results of the study are 
then reported as informatively as possible. ISO regards this stage as an application of 
LCA whereas SETAC regards it as integral to the process. 
LCA is iterative with each repeat looking at the system in greater detail. The initial 
analysis is often fairly superficial using approximate data to give a 'screening' 
assessment. In some cases this may be all that is needed but it is generally used to 
show where focusing attention will yield the most improvements. The intended use of 
the results determines the level and quality of the information needed, e.g. for an 
ecolabelling scheme the results need to be as complete as possible but for product 
design a degree of uncertainty may be acceptable. 
It is useful at this point to examine both the strengths and weaknesses of LCA as an 
environmental assessment tool. 
2.1.4 LCA's strengths 
1. Can be used to examine complex interactions of processes over a whole life cycle. 
Development of the ISO 14040 series and SETAC guidelines has helped in 
allowing LCA practitioners to develop clearly defined methodologies that can be set 
up to allow credible, 'level playing field' comparisons of different products used to 
achieve the same purpose. 
2. Presents a wealth of learning opportunities: 
• Looks at products and processes in a new way and can give a greater 
understanding of a product's environmental performance to a product's 
producers. Broberg and Christensen's (1999) survey of Danish industries' use 
of LCA found that 'almost half of the enterprises stated that their LCA work had 
revealed new environmental aspects of their products that they had not realised 
before.' 
• Evaluating a process' inputs and outputs on a physical basis allows an 
evaluation of the process' efficiency that a monetary assessment could 
overlook. For example, a company's profiling work paid for itself when the 
environmental profile revealed a large Water Extraction impact for a 'dry' 
process; the Water Extraction impact was caused by a leak on the company's 
side of the water meter, which had not been picked up by an accounting 
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approach to the process' inputs (Anderson, 2003). Boustead (1996) reported a 
case where a company was feeding a factory annexe electricity through the 
main factory's metered source. Analysis revealed that the electricity was being 
metered both in the main factory and again in the annexe, so that the company 
was paying twice for the electricity. 
• Looks beyond a process to its suppliers and can be used to see if changes in 
the supply chain or materials themselves would benefit the product. The 
analysis allows for the current system to be modelled along with 'what if' 
scenarios. However, as Finnveden (2000) points out, the goals of the study 
need to state this and any allocation done must reflect the goals — change 
scenarios can require different allocation approaches to static assessments. 
• The complexity of the approach makes companies ask hard questions about 
their process and the meaning of the measured environmental impacts. This 
contributes to their education on environmental issues and their role in the 
`bigger picture'. 
Baumann (1998) contends that LCA is best used as a tool for learning rather 
than as a tool for supporting specific decisions. 
3. Provides a range of reporting opportunities such as EPDs and Ecolabels or UK 
Government guidelines on the reporting of carbon dioxide emissions, water use 
and waste production. The development of ISO standards, by TC 207/ SC 3 in the 
area of environmental labelling and TC 59/SC 17 on what needs to be in an EPD 
for construction products, will help ensure that the results for different products can 
be properly compared. 
4. LCA can interact or complement information supplied by other life cycle 
management tools at particular life cycle stages or over the whole life: 
• Upstream — e.g. Supply Chain Management 
• Process — e.g. Environmental Audit, Environmental Impact Assessment, 
Environmental Risk Assessment, Cleaner Technology and Service Innovation 
for Sustainability 
• Downstream — e.g. Product Stewardship and Producer Responsibility 
• Whole life — e.g. Design for Environment, Industrial Ecology, Life Cycle 
Thinking. 
5. LCA quantifies environmental impacts over a whole life cycle and cannot be entirely 
substituted for by other available methods. 
2.1.5 LCA's weaknesses 
2.1 Life Cycle Assessment 	 46 
2 	Literature Review 
1. LCA is an extremely complex technique and requires considerable expertise to do. 
The complexity and degree of expertise needed to do a full LCA means that it can 
be time consuming and expensive (Bretz, 1998). Broberg and Christensen (1999) 
found that a thorough LCA takes around 500 man hours of company time and 
1,800 man hours of consultant time. 
2. Data quality. There are two aspects to this: 
• The source, accuracy, and relevance of the data (e.g. the age of the data, its 
representativeness, and the region and technology covered). Singhofen et aL 
(1996) reported on the work of SPOLD towards achieving a common format for 
inventory data that would ensure practitioners gained a good understanding of 
the coverage (and limitations) of the data they used in their studies, and to allow 
a greater exchange of inventory data. 
• Errors — a huge amount of data is needed and error assessment is not often 
formalised but rather done by checking data quality and its correct entry, 
combined with scrutinising the results. Sensitivity analysis is possible (changing 
inputs to investigate the effect on the results) but this requires an influence to 
be suspected. Chevalier and Le Teno (1996) proposed the use of fuzzy sets 
(data with intervals rather than fixed values) as more appropriate for the LCA of 
building products than data based on set values. They stated that the approach 
can be used for all stages of LCA and helps overcome error problems with 
using fixed data, since error is indicated in final ranges. Their reasoning was 
that fuzzy sets give a better representation of the 'realism' of the results over 
fixed answers. However, this interesting approach does not seem to have been 
taken up, presumably due to the difficulty in applying this technique to 
demonstrating environmental impacts for a range of choices for achieving a 
functional unit. 
3. Methodology, there are important choices to be made at each stage of LCA: 
a. Goal and Scope. Need to ensure that the goal, system boundaries, data 
requirements and functional unit are properly described and anticipate what 
Finnveden (2000) called the 'falsificationist's argument' — whereby someone 
challenges a study's results by saying that the study did not consider properties 
or performance slightly different from those the study addressed, so that 
general conclusions cannot be drawn. Being specific about the circumstances 
of the results helps overcome this limitation. LCA does not usually account for 
the wider implications of decisions but the Goal and Scope can be used to 
identify possible outcomes, and these can be modelled. 
b. Inventory Analysis, the biggest sources of influence are the: 
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• Environmental impact categories chosen - these need to adequately reflect 
the impacts of the products or processes studied 
• Allocation method — the choice of allocation method for multi-input or multi-
output systems can have a significant effect on the results. Finnveden 
(2000) states that one of the main difficulties with natural science-based 
causality allocation is LCA's dependence on other disciplines for data and 
methods. The choice of allocation is dependent on scientific understanding 
of the processes; there are frequently knowledge gaps leading to potentially 
inappropriate choices. Finnveden also pointed out that the allocation 
method needs to reflect the study's goals; examining 'what if' scenarios 
could need a different allocation approach from a set assessment of current 
practice. 
c. 	Impact Assessment — many problems in this area are caused by the relative 
lack of knowledge of how environmental impacts occur and the level of severity 
under different circumstances. This affects the characterisation factors used to 
calculate the impacts in each environmental impact category. A good example 
of this is the Human Toxicity impact category. Although characterisation factors 
have been developed by a number of organisations for a wide range of 
chemicals, some questions remain, e.g.: 
• Is the toxicity of the substance proportional to the total released? 
• Is the toxicity of the substance changed if other chemicals are present in the 
environment? 
• Is the substance persistent in the environment? 
• Is where the substance is released important? The substance may not be 
very toxic but would be released where a large number of people could be 
affected. 
Jolliet (1996) reported that the SETAC Working Group on Impact Assessment 
has identified four main aspects to address when developing toxicity 
characterisation factors: 
• Effect 
• Fate 
• Influence of background 
• Geographical and time issues. Finnveden (2000) also pointed out the 
importance of considering time for issues such as emissions from landfill 
sites. 
4. Time — an LCA study's life is limited; processes may improve, normalisation profiles 
may remain static or be infrequently reviewed, impacts may be given different 
priorities, new impacts of the substances studied may be discovered. 
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5. Some important environmental issues are not yet successfully addressed by LCA, 
usually due to the difficulty in defining appropriate and meaningful characterisation 
factors. Such issues include land use, biodiversity, noise, and landscape 
aesthetics. It may be the case that such issues cannot be built up into meaningful 
whole life impacts but need to be addressed by other means for specific, locally 
important projects. 
On balance, the many strengths of LCA make it appropriate to the quantification and 
communication goals of this study. The majority of its weaknesses can be overcome by 
careful thought, detailed explanation and clarity of purpose for applying LCA to 
assessing UK sawn timber and using the results to investigate dissemination options. 
The next section reviews the methodology and software choices for carrying out the 
LCA assessment of UK sawn timber products. 
2.1.6 LCA methodology and software choice 
As set out in the Introduction, the most appropriate LCA methodology for assessing the 
environmental impacts of UK-grown and processed softwood products in the present 
study was that developed by BRE. 
The software used to calculate an LCA using the BRE methodology comprises three 
parts and is described below (the BRE methodology is set out in section 3.1): 
1. 1st Access database — The inputs (masses of materials and MJ etc. of energy and 
fuels, plus the transport of anything not carried in a pipe or cable) and outputs 
(products, wastes and emissions to air and water) to the process studied are 
entered here. Preset queries convert the inputs and outputs into environmental 
burdens for a unit of either total production (for a multi-output process) or for a unit 
of specific product. For the sawmill assessments, environmental burdens were 
calculated on the basis of total output of solid timber, bark, chips and dust. This 
stage produces gate-to-gate environmental burdens. 
2. Excel spreadsheet — The upstream impacts for inputs are added here. For a multi-
output process, the impacts for the product of interest are calculated using 
appropriate factors for mass and allocation in the equation picking up the upstream 
impacts. The mass factor makes sure that the correct amount of the production 
process is calculated, e.g. for solid timber, 1 unit of process contains around 0.5 
units of timber and the remaining 0.5 units are co-products, so a mass factor of 
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1/0.5 (i.e. 2) is needed because the process has to effectively run twice to produce 
1 unit of timber. The allocation factor is to ensure that the product being assessed 
carries the process burdens it is responsible for, for example, the solid timber 
typically represents about 85% of the value of the process, so only 85% of the 
burdens of running the process twice are attributed to the timber. This study 
assessed timber products on a volume basis with a product unit being 1 m3. This 
step produces cradle-to-gate environmental burdens. 
3. 2nd Access database — This is where the cradle-to-gate environmental burdens for a 
unit of product are processed to calculate characterised and normalised 
environmental impacts. This stage also allows materials to be combined into 
building elements or whole buildings to assess cradle-to-site environmental 
impacts. The impacts from use and disposal can further be added to determine 
cradle-to-grave environmental impacts. 
Table 2.3 compares the BRE software system with the main commercial packages that 
were available in 1999 (when the analysis for this study began) and that were 
appropriate to the UK circumstances. The information in the table is based on a review 
conducted by Rice et al. (1997) who developed assessment criteria looking at usability, 
performance, quality and cost. They concluded that there were four main packages 
suitable for industrial LCAs in Europe: The Boustead Model, The Ecobilan Group's 
TEAMTm (Ecobalance UK is the UK company), PEMS 3.0 and SimaPro 3.1. 
Table 2-3. Summary of software package performance in 1999 against performance 
criteria (after Rice et aL, 1997). 
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Key: +++ = very high; ++ = high; is(  = meets criterion well; ✓  = meets criterion; 
x = does not meet criterion; ? = no information available. 
The BRE system is more unwieldy than the commercial software packages but it did 
allow the methodology to choose the most appropriate characterisation factors to suit 
the environmental impact categories identified as being important to the UK situation 
(Howard et al., 1999). It also allowed the use of the UK-derived weighting factors and 
gave great knowledge of the quality of the data used to produce any process or 
material information. 
The BRE system did have limitations in terms of its ease of use, error assessment and 
the potential for the Excel spreadsheet to reach maximum capacity but its flexibility, 
appropriateness to the UK, ability to model both elements and buildings, and its 
availability to the project were influential in deciding to use it for this study. A further 
reason for using it was that it was being used to produce a 'level playing field' for all 
types of construction materials and so represented a good opportunity for placing the 
new UK timber data from this project into as wide an application as possible. 
The next section reviews published work on the environmental performance of wood 
and wood-based products. 
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2.2 LCA applied to forests and forest products 
Much previous work on timber has focused strongly on the energy needed to obtain the 
initial product. However, interpreting the results of these studies can be problematic 
due to differences in interpretation of terms such as 'primary energy' and 'embodied 
energy'. The following are generally accepted definitions of energy related terms: 
embodied energy. 	the energy used in the production of a material - 'total primary 
energy that has to be sequestered from a stock within the earth 
to produce a specific good or service' 
initial embodied energy 	extraction and transport of raw materials 
processing and/or manufacture of building 
products; transport to site; construction in the 
building 
recurring embodied energy: maintenance operations; initial embodied energy 
of materials and products replaced through repair 
or refurbishment 
disposal embodied energy. demolition process; recycling and re-use; disposal 
by incineration 
primary energy: 	gross energy in the primary fuels extracted from resource stocks. 
'Stock within the earth' needs definition and is sometimes used to 
mean materials used for fuel that cannot be renewed, i.e. 'fossil 
fuels' 
operating energy: 	energy used to heat, light, ventilate etc a building. 
In 1976 the National Research Council's Committee on Renewable Resources for 
Industrial Manufacturing (CORRIM) published a report comparing the energy 
requirements for timber and possible substitute materials. This report found that in the 
1970s the energy needed to produce a wooden stud was nine times less than that to 
produce a steel stud, that a wood stud wall needed three times less energy than a 
concrete block wall and a raised wood floor required 21 times less energy than a 102 
mm concrete slab floor. 
Table 2.4 below presents results from representative studies into the energy 
requirements of producing timber and wood-based panels, the list is illustrative and not 
exhaustive. 
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Table 2-4. The energy needed to produce various timber-based products (selected 
studies). 
Material `primary `embodied Reference 
energy' energy' 
(MJ m-3) (MJ m-3) 
Roundwood at forest 90 FrUhwald et al. (1994) 
roadside 150-200 Berg and Lindholm 
(2005) 
Lumber, air dried 450 Fruhwald et al. (1994) 
Lumber, kiln dried 2,160 Friihwald et al. (1994) 
Construction timber 720 - 1,080 Schilling (1993) 
Sawn, kilned pine 
timber 
2,125 Mellanskog Industry 
AB (1999)* 
Sawn, kiln dried 
softwood 
1,790 Andersson (1996) 
Sawn softwood 650 Richter (1993) 
Sawn, kiln dried 
softwood 
1,773 Richter (1993) 
Sawn softwood 770 Meil (1998) 
Sawn, kiln dried 
softwood 
1,630 Meil (1998) 
Sawn softwood, 
imported to UK 
3,200 - 4,100 West et al. (1994) 
Sawn softwood, UK-
grown 
2,600 West et al. (1994) 
Sawn hardwood, 
imported to UK 
4,200 - 6,000 West et al. (1994) 
Sawn hardwood, UK-
grown 
3,400 West et al. (1994) 
Glulam 6,000 Richter (1993) 
Particleboard 3,600 Fruhwald et al. (1994) 
Particleboard 7,030 Richter (1993) 
Particleboard (UF 
bonded) 
5,578 Friihwald (1997a) 
Plywood 14,760 Friihwald et al. (1994) 
Veneered plywood 18,000 Fruhwald (1997b) 
OSB 4,320 Fruhwald (1997b) 
MDF 4,320 FrOhwald (1997b) 
High-density fibreboard 13,580 Richter (1993) 
Low-density fibreboard 4,845 Richter (1993) 
Blockboard 10,800 Friihwald (1997b) 
*Includes energy demand of transport to customer. 
The variation in the results obtained by the different researchers reflects not only 
potential differences in interpretation of the energy terminology but also reflects the 
different mixes of energy supply types and processing technologies. Differences could 
also be due to the allocation method used (either mass, volume or product value could 
have been used), and the scope of each study (processes included or excluded, e.g. 
fertiliser and pesticide production). However, they all show that as the level of 
processing increased so inevitably did the energy needed to make the product. 
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Meil's results indicate kilning increased embodied energy by 112% over sawing. 
Richter's results indicate that kilning increased embodied energy by 173% over sawing. 
Meil's results cover logging, transport to mill, sawing and kilning, with allocation to 
timber and co-products by mass. Richter's results have the same boundary but 
allocation was to the timber only, which could explain the greater degree of increase in 
embodied energy recorded by Richter. FrOhwald's results imply an increase of 380% 
for kilning over sawing. Unfortunately, the study boundary and allocation method used 
are not readily apparent for Fruhwald's study. 
Another factor with a strong influence on the energy requirements of a product is the 
amount of transport involved. Wegener et al. (1997) found that transporting a log to the 
forest roadside represents 1.1 to 4.2% of the energy contained in the log. This study 
also showed that the distance from the forest to the sawmill had a considerable effect 
on the amount of fossil fuel used during conversion into sawn timber. A journey of 50 
km accounted for 1.2% of the fossil fuel use and this increased to 7% for a journey of 
300 km. 
Berg and Lindholm (2005) considered only energy inputs to Swedish forestry but used 
actual data (rather than national averages) to investigate the performance of Northern, 
Central and Southern forestry. They modelled the forest from the nursery through to 
the paper, saw mill or panel plant gate and presented results in terms of 1 m3 of log 
solid under bark; transport of the logs was by truck and electric train. They included the 
fuels used to transport people, machinery and supplies to forest work sites but 
excluded the energy needed to produce pesticides or fertilisers and CO2 uptake by the 
trees. It is not clear if any allocation was done between the logs and 'waste' produced 
by the forestry process. Whilst the focus was on energy consumption, they also 
examined the environmental impacts by applying characterisation factors generated by 
Swedish Environmental Management Council. 
The impact categories assessed were: Climate Change over 100 years (as kg CO2 
equivalents), low level ozone creation (as POCP — presumably as kg ethene 
equivalents but not stated), Acidification (as mol H+ rather than as SO2 equivalents), 
and Eutrophication (as kg 02 equivalents, rather than as kg PO4 or NO3 equivalents). 
Unsurprisingly, all of the impacts related to fossil fuel use. However, they state that the 
leaching of nitrogen to ground water from fertilisers was included but the impact of 
fertilisers on Climate Change, Acidification and Eutrophication is not mentioned. 
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They point out that the energy use they found was higher than in previous studies that 
used national average data and concluded that secondary transport from the forest to 
the processing plant was more important than previously realised. Overall, they found 
that secondary transport and logging tended to have the biggest energy impacts but 
that this varied depending on the region considered. The importance of transport was 
examined further by these researchers (Lindholm and Berg, 2005) when they modelled 
different transport options from forest to processing plant. They found that transport 
from the forest to the processing site consumed more fossil fuel than any other part of 
the Swedish wood supply chain. Their models, unsurprisingly, indicated that bulk 
transportation methods, such as rail, reduced the consumption of fossil fuel compared 
with hauling exclusively by road. 
Johnson et aL (2005) considered all inputs to establishing, managing and harvesting 
logs to study the environmental impacts of wood products in the Pacific northwest and 
southeast of the United States. Their results indicated that transportation was the 
largest source of emissions, due to the fossil fuel use. They also found that emissions 
from fertilisers increased in importance as forest management became more intensive. 
The importance of transportation is also highlighted in the work of Rivela et aL (2007), 
which determined that the transport of the final product and the electricity mix were 
both important factors in the environmental impact of MDF made in Spain and Chile 
assessed using the Ecoindicator 99 methodology. 
Aldentun (2002) collected data on the amounts of energy and commodities used and 
the emissions to air associated with the production of seedlings in southern and 
northern Sweden to investigate the environmental implications of different practices. 
The results indicated that the use of energy, and the consequent emissions to air, was 
greater in southern Sweden than in the north. Fossil fuel use for heating greenhouses 
and transporting seedlings were major sources of emissions for both southern and 
northern nurseries. The implications of the use of water, pesticides and fertilisers are 
not discussed. 
Marcea and Lau (1992) converted the energy used to extract raw materials and to 
manufacture and distribute wood and non-wood building materials to estimate CO2 
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emissions. They found that wooden structures used the least amount of energy and 
consequently emitted less CO2 than the other building materials studied (these 
included brick, concrete, steel and aluminium). They found that the energy needed to 
produce, transport and install framing lumber was 3,407 MJ 
Schilling (1993) examined the primary energy needs of non-timber construction 
materials and found that sandstone required 900 MJ m-3 to produce, cement 3,600 MJ 
re and aluminium 259,200 MJ m-3. These results imply that timber and wood-based 
products are very energy efficient to produce. However, direct comparison of energy 
requirements per m3 does not indicate what the energy needs of achieving a particular 
function will be using different materials. Schilling compared a wall made from brick 
with one made using a timber frame and wood-based materials. The results showed 
that the required performance could be achieved with an investment of 842 MJ m-3 for 
the wood-based wall but 857 to 1,674 MJ re were needed if the brick wall was to 
serve the same purpose. 
Meil and Trusty (1997) have also begun to assess the environmental performance of 
complete designs. They compared 3 designs for a 3-storey office block with the main 
materials of wood, steel or concrete. They evaluated the total energy needed, the 
amount of solid waste produced and the level of greenhouse gas emitted during raw 
material extraction, manufacturing and on-site construction and the transport required 
for these stages. They found that, the wood design gave the lowest impacts in all three 
categories with the lowest energy requirements (roughly half the other two designs), 
generated the least solid waste (with around 50% of the timber waste occurring on-site) 
and emitted the least greenhouse gas (37% less than the steel design and 100% less 
than the concrete one). 
Timber used where it will be exposed to the weather or prolonged periods of high 
humidity may be subject to biological attack. The options are to select a naturally 
durable timber or to improve the performance of a low durability timber using chemical 
preservatives. Adding chemical preservatives will have certain environmental impacts 
as will selecting naturally durable timbers (these tend to be tropical hardwoods and 
issues of resource depletion and transport are key). 
Several studies have looked into the use of chemical preservatives with softwood 
timbers. Esser and Cramer (1994) found that the in-use emissions of preservative 
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treated timber are only problematic if an organic solvent was used for impregnation. 
Emissions to water and soil during the use phase depended on the situation in which a 
product was placed; highly acidic soil or soils with a low cation capacity can mobilise 
copper, chrome and arsenic (Hillier et al., 1995). Erlandsson et al. (1992) looked at the 
life cycles of Swedish utility poles made of steel, aluminium, concrete and treated wood 
(creosote and CCA type B). They concluded that treated roundwood poles gave higher 
emissions to land but the other materials had higher process energy needs and created 
more air pollution. Murphy et al. (1996) looked at the life cycle of different types of 
motorway boundary fence post in the UK. They found that, for a CCA preserved post, 
about 85% of the total energy consumption (100 MJ) was diesel fuel, 75% of which was 
consumed during the 40-year in-service phase of the life cycle. This consumption was 
traced to the regular inspections of the integrity of the fencing. 
Kunniger and Richter (1998) investigated the environmental impacts of pre-stressed 
concrete, steel and creosote impregnated beech railway sleepers. The aim of their 
work was to list and assess all extractions from and emissions to the environment from 
the manufacture, use and disposal of the different types of sleeper. They chose a 
functional unit of 1 sleeper plus 60 cm of track bed and included rail fixings, 
construction works plus maintenance of track bed. They looked at seven impact 
categories, plus primary energy consumption and landfilled inert, reactive and 
hazardous waste. 
They found that the concrete and steel sleepers had similar environmental profiles; the 
steel sleeper was better than the concrete one in some categories and the concrete 
was better in others, particularly Ecotoxicity. The concrete sleeper's main impacts were 
from the Portland cement and the steel wires. The low energy consumption during 
production, the long service life, along with the re-use of old sleepers, were identified 
as advantages to the concrete sleeper's environmental profile. For the steel sleeper, 
the steel itself was the biggest source of impacts. The recyclability and re-use potential 
of the steel sleeper were stated as strengths in its environmental performance. 
The creosote-impregnated beech sleepers were reported to have an 'unfavourable' 
environmental profile in nearly all impacts. The short service life and emissions from 
the creosote during use were the biggest factors affecting the wooden sleeper but the 
amount of material needed in the relatively complex rail fixing was also important. 
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Kunniger and Richter point out that the results are only directly relevant to sleepers 
made and used in Switzerland, under Swiss conditions. However, it was unclear from 
the English summary of the report whether the impacts of the creosote emissions were 
based on fate modelling or a simple assessment of total emissions — fate modelling 
could give very different results from the impacts caused by the total estimated 
emissions. It was also unclear what the end of life destination for the wooden sleepers 
was. A further aspect that might have affected the results is the implied inclusion of 
recyclability and re-use potential in the steel sleeper assessment rather than the 
percentages of steel actually recycled and sleepers re-used. However, the work does 
show that the timber-based option is not always the best environmental option. 
As discussed earlier, considerations of the energy needs of a product are not enough 
to give a full picture of how the product affects the environment. Little work addressing 
the whole life cycle has been completed so far for timber and wood-based materials. 
One such study is that of Richter and Sell (1993) who considered a whole life cycle in 
their assessment of different types of wood and wood-based material. They found that 
most of the energy use and emissions to air for producing solid timber were due to 
drying. The regionally based supply of raw material in Switzerland meant that transport 
effects were only minor. For particleboard production they found that producing and 
drying chips gave the largest impacts. They also found that 30 to 40% of the embodied 
energy and total emissions of the product were due to the resin, which accounts for 
only around 5% of the product's mass. 
Hakkinen (1994) also considered a whole life cycle for structural timber grown, 
processed and used in Finland. The high use of renewable energy sources in Finland 
meant that the fossil fuel consumption was quite low. Transport was found to account 
for about 60% of fossil fuel use and the amount of transport needed and the type used 
strongly affected the environmental impact of wooden building products. Transport was 
also found to be responsible for emissions to air of CO2 (around 60%), SO2 (55%) and 
NOx (40%). However, processing gave the highest contributions to CO and total VOC 
emissions. Emissions to land and water were found to come from fertilisers, pesticides 
and cutter chain oils. 
A generalised study by Newton and Venables (1995) used published information to 
look at the whole life cycle of different timber and wood-based products. This indicated 
that for solid timber energy use was low throughout its life and that emissions to water 
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and air were greatest in the production phase. For wood-based panels, impacts on 
energy use and emissions to land, water and air were all mainly concentrated in 
production. Effects on resource depletion and the impacts of raw material extraction 
and product disposal were too strongly related to the sources and methods used to 
draw any general conclusions. 
Nebel et al. (2006) studied the life cycle impacts of different types of wooden floor 
coverings in Germany. They used the CML 2000 impact categories of Global Warming, 
Acid Deposition, Eutrophication, Ozone Depletion, and Photochemical Ozone Creation 
to examine the lifetime impacts of wooden flooring from forestry, through processing to 
installation, use (including refurbishment) through to disposal by incineration with 
energy recovery (where they expanded the boundary of their system and employed 
'avoided burden' calculations). They found that energy consumption and the use of 
solvents were important issues for the impact categories they assessed, with energy 
consumption being most important during the production phase and the emission of 
VOCs causing Photochemical Ozone Creation during installation and refurbishment. 
However, the assumptions made for service life, the coating used, the maintenance 
model and the end-of-life scenario all have major implications for the results achieved 
and their applicability to other countries (for example, in the UK very little timber 
flooring would go to incineration with energy recovery at the end-of-life). 
Several studies have endeavoured to use LCA to examine the carbon balance of 
timber and wood-based materials, often in the context of estimating the implications for 
Climate Change or carbon budget. 
White et al. (2005) developed carbon life cycle inventories to identify the major carbon 
fluxes associated with the production of Wisconsin's industrial roundwood. They 
considered the following: harvesting logs; for producing solid timber and OSB, and for 
complete product life cycles. Their results indicated that the net forest carbon budget 
ranged from -897 to 348 g C m-2 year'. Unfortunately, they only considered CO2 
emissions and did not include either forestry activities prior to harvest or transport. The 
omission of transport from the study seems particularly problematic in light of the 
research conducted by Berg and Lindholm (2004), (Lindholm and Berg, 2005) and 
Johnson et al. (2005). 
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Werner et al. (2005) considered the implications of using increasing amounts of timber 
in buildings for the carbon pool of Switzerland. They found that the greatest degree of 
increase in the carbon pool would be obtained if pre- and post-consumer waste wood 
was used to substitute for fossil fuels in energy production, and if timber and wood-
based products were substituted for other construction products with inherently greater 
carbon budgets. The effect of long service life for timber products was minor in 
comparison. They went on to point out that the carbon storage and substitution effects 
were still relatively small compared with the overall greenhouse gas emissions of 
Switzerland. 
The conclusion that the greatest carbon savings can be made from the combination of 
substituting wood waste biomass for fossil fuel and timber and wood-based materials 
for other non-timber alternatives was also reached by Gustaysson et al. (2006a) in their 
study comparing timber-framed construction with concrete-framed construction. It is not 
clear if they accounted for all greenhouse gases or only CO2 in this work. It is also not 
clear if the concrete included any cement alternatives such as blast furnace slag or 
pulverised fuel ash. 
Eriksson et al. (2007) also came to similar conclusions in their work assessing the 
implications of different types of forest management options and substitution scenarios. 
They concluded that the greatest reduction in net carbon emission occurred when the 
timber was used as a construction material and the waste timber as a fossil fuel 
substitute. Unfortunately, only CO2 and N20 emissions were considered in the 
assessment rather than the entire basket of greenhouse gases. 
Substitution of timber and wood-based materials for fossil fuels and non-timber 
materials was also studied by Gustaysson et al. (2006b). In a multidisciplinary 
approach, the work considered the technical, environmental and social aspects relating 
to substitution and found that the situation is extremely complex with factors influencing 
the opportunities for substitution existing all along the timber supply chain and into 
other associated industries. They found that socio-economic and cultural issues, price 
dynamics and technological factors all affected the potential for substitution to occur. 
These studies are interesting in that they consider the implications of using timber as a 
material and as a fuel source but focusing solely on carbon means that the broader 
environmental impacts of forestry and forest-based products are not addressed. This 
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makes comparing timber and wood-based materials with alternative products on a like-
for-like basis even more problematic. 
The interpretation of LCA studies on any product is extremely complex and direct 
comparison of the results of different studies is often not possible or appropriate. Berg 
and Karjalainen (2003) point out that the differences they found between the energy 
inputs and associated emissions from Swedish and Finnish forestry reflected not only 
differences in practice and fuel quality but also to the different ways that the data had 
been gathered and the methods used to analyse this data. Werner and Richter (2007) 
expand upon this point in their review of LCA studies on wooden building products. 
They state that whilst the literature seems to indicate that timber and wood-based 
construction materials typically have lower environmental impacts than alternative 
construction materials performing the same purpose, the studies published tended to 
differ considerably in the following aspects: completeness (i.e. the life cycle stages 
covered and the assessment methodology used); transparency (e.g. assumptions 
made, product characteristics, data availability and quality), and scientific rigour 
(particularly in terms of ensuring parity in the options for the functional unit studied). 
It is also true that the results of a study based on practices in one country will not apply 
to the situation in another. One example of this is a study by Richter (1992) examining 
the performance of wooden, plastic and aluminium windows over a 40- year cycle. The 
study showed that wooden windows took less energy to produce than plastic or 
aluminium ones but that the disposal options for recycling plastic and aluminium in 
Switzerland meant that the relative performance of the timber windows decreased. 
However, the UK has only just begun to explore recycling plastic windows at the trial 
level (the environmental and economic assessments are not yet complete) and so the 
relative environmental impacts of the different systems might give different results in a 
UK-based study. 
The timber industry is extremely complex, e.g. different raw material types and sources 
plus considerable interaction between the different processing routes, and obtaining a 
clear view of all the positive and negative impacts involved is a difficult task. There are 
many factors that make the assessment of timber and timber products challenging and 
these will be covered more fully in a later section. 
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2.3 	Communication of LCA information 
The communication format for LCA information tends to be led by whether the results 
are for an individually commissioned study (where the study is specific to the particular 
interests of the study's commissioner) or for the wider comparison of a range of options 
based on generic data. 
A one-off LCA study commissioned by a company or government agency to look at the 
environmental impacts of their product or process, or for comparing different options for 
achieving a function, usually results in the production of an enormous report. The 
report is usually extensive because it needs to set out why the project was done, who it 
was for, what it is to be used for, what was looked at, and what was ignored (the Goal 
and Scope), how the work was done (Inventory Analysis, Impact Assessment —
characterisation factors used, plus any normalisation and weighting schemes) and the 
results for the Inventory Analysis for all the examined processes involved in the life 
cycle studied, and the details of all the assumptions made during the study. All before 
the report can present results and indicate the meaning of the results in the context of 
the Goal and Scope of the study. No wonder these reports are hundreds of pages long: 
a Final Report prepared by Imperial College, looking at the environmental implications 
of treating timber with creosote and CCA, runs to 350 pages of which 4 set out what 
the results of the assessment mean. Kotaji et al. (2003) contend that detailed LCA 
study reports are only really suitable for LCA experts. 
Summary Reports of the main LCA study report can be prepared but, given the scene 
setting needed to give context and understanding to the results and conclusions 
presented, these too tend to be relatively long documents (of the order of 80 to 100 
pages, though some have managed 15 pages or less). 
When the LCA results to be presented are for materials or components that represent 
'industry averages' or 'generic' data, it is possible to produce one document setting out 
the underlying LCA methodology and another document setting out the results of the 
LCA studies for materials or components. In the construction sector, this has been 
done in publications such as 'The Green Guide to Housing Specification' (Anderson 
and Howard, 1999), which presents ranked LCA-based results for different ways of 
building the same building element. The Green Guide presents A, B or C ratings within 
a building element for each specification's performance in 12 environmental impact 
categories, and as a weighted summary rating for overall environmental impact in all 12 
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categories. Ratings for recycling attributes are also given but not included in the overall 
summary rating. The LCA results were obtained using the methodology set out in 
Howard et al. (1999). The summary ratings in the Green Guide to Housing 
Specification are widely used by architects and form the basis for whether external 
walls, internal walls, upper floors and roofs can achieve credits under the materials 
section of EcoHomes (the residential version of BREEAM, BRE's Environmental 
Assessment Method, which assesses the sustainability of residential developments). 
'The Green Building Digest' takes a different approach to providing environmental 
information to construction professionals. The first Green Building Digest was 
published in 1995. The Green Building Digest attempts to provide advice to specifiers 
on criteria for selecting materials and products that are environmentally friendly. Each 
issue of the digest considers a topic such as insulation, timber etc and digests 
information from published sources. The Digest is aimed at a wide audience and 
attempts to de-mystify technical information. It aims to empower its readers and relies 
on the user to interpret the information and decide how far to go in implementing green 
principles. 
The Digest does not offer any conclusions but 'digests' information published or 
gleaned from its advisory panel and presents it in a way that requires the user to draw 
their own conclusions. The Digest does not claim to be definitive but provides a brief 
overview of currently available information. For products, it presents tables of 
information under a number of headings to which no weight is attached. Different sized 
'blobs' are presented for materials under each heading and the size of blob is 
explained in the text. Headings include: a unit price multiplier (based on an estimated 
life cycle cost over 60 years); production impacts; embodied energy; resources (bio); 
resources (non-bio); global warming, toxics, acid rain and photochemical smog; post-
production impacts; thermal performance; health hazards, and recyclability. 
The producers of the Digest contend that, because specification decisions are not 
black and white or based on absolutes, the responsibility for interpreting the information 
remains with the reader and the Digest is only to provide guidance. 
The main problem with both full and summary LCA study reports and publications, 
such as the Green Guide and the Green building Digest, is that the information they 
present is very specific to the ways they have gathered and analysed the data. 
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Because all of them will be working with different boundaries, data sets and 
methodologies, it is virtually impossible to extract information from these sources 
directly and combine it with other data for wider application either nationally or 
internationally. This is why much work has been dedicated to finding standardised 
ways to produce and disseminate environmental information via 'environmental 
labelling'. 
The focus of this study is on gaining and applying environmental performance 
information in the construction sector, using timber as an example because of the 
considerable amounts of timber used in construction, and its potential role in 
sustainable development due to it being a renewable resource. Consequently, the 
emphasis of the Literature Review is on the current options for environmental labelling 
in the building sector and assessing the implications for developing a useful 
communication method for LCA-based results for construction products. 
The work done by ISO on environmental labelling and environmental declarations is 
reviewed along with the activities of other actors in the field of environmental 
declarations. Programmes that have been established for building products and whole 
buildings are presented. The opportunities and barriers for Environmental Product 
Declarations (EPDs) in the construction sector are explored to show where the work 
carried out in this research fits in. 
2.3.1 Environmental labelling 
TC 207 'Environmental management' is responsible for 'Standardization in the field of 
environmental management systems and tools in support of sustainable development.' 
TC 207 explicitly excludes 'test methods of pollutants, setting limit values and levels of 
environmental performance, and standardization of products' from its remit. 
TC 207/SC 3 'Environmental labelling' is the sub-committee working in this field. Table 
2.5 below sets out the standards and reports produced by this sub-committee. 
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Table 2-5. Environmental labelling standards and reports published by TC 207/SC 3. 
ISO 
ISO 14020 
Publication 
2001 
Title 
Environmental labels and declarations -- General 
principles 
ISO 14021: 2001 
Environmental labels and declarations -- Self-
declared environmental claims (Type II 
environmental labelling) 
ISO 14024: 2001 Environmental labels and declarations -- Type I environmental labelling -- Principles and procedures 
ISO/TR 140259 2000 Environmental labels and declarations - Type III environmental declarations 
ISO/CD 140259 Committee 
draft 
Environmental labels and declarations - Type III 
environmental declarations 
TC 59/SC 17 `Sustainability in building construction' gives its scope as: 
'Standardisation in the field of sustainability of the built environment. The 
environmental, economic, and social aspects of sustainability are included as 
appropriate.' 
The sub-committee contains several Working Groups, of which WG 3 is relevant to the 
issues addressed here. Table 2.6 below sets out the work programme of this Working 
Group. The main item of interest for this work is ISO/AWI 21930 on environmental 
declarations for building products. 
Table 2-6. Work programme for TC 59/SC 17. 
Project 
ISO/AW115392 
Title 
Building Construction - Sustainability in Building Construction - 
General Principles. 
ISO/AWI 21929 
Building Construction - Sustainability in Building Construction - 
Sustainability Indicators - Part 1: Framework for Development 
of Indicators for Buildings 
ISO/AWI 21930 Building Construction - Sustainability in Building Construction - Environmental Declarations of building Products. 
ISO/AWI 21931 
Building Construction - Sustainability in Building Construction - 
Framework for Methods for Assessment of Environmental 
Performance of Construction Works - Part 1: Buildings. 
ISO/AWI 21932 Building Construction - Sustainability in Building Construction - Terminology. 
g Superseded in 2006 by ISO 14025 Environmental labels and declarations - Type III 
environmental declarations 
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2.3.2 Types of environmental label and declaration 
This section considers the available environmental labels and declarations, and 
presents the definitions derived by ISO. 
ISO 14020:2001, Environmental labels and declarations — General principles sets out 
nine principles for environmental labels and declarations: 
Principle 1. 	Environmental labels and declarations shall be accurate, verifiable, 
relevant and not misleading 
Principle 2. 	Procedure and requirements for environmental labels and declarations 
shall not be prepared, adopted, or applied with a view to, or with the 
effect of, creating unnecessary obstacles to international trade 
Principle 3. 	Environmental labels and declarations shall be based on scientific 
methodology that is sufficiently thorough and comprehensive to support 
the claim and that produces results that are accurate and reproducible. 
Principle 4. 	Information concerning the procedure, methodology, and any criteria 
used to support environmental labels and declarations shall be available 
and provided upon request to all interested parties. 
Principle 5. 	The development of environmental labels and declarations shall take 
into consideration all relevant aspects of the life cycle of the product. 
Principle 6. 	Environmental labels and declarations shall not inhibit innovation which 
maintains or has the potential to improve environmental performance. 
Principle 7. 	Any administrative requirements or information demands related to 
environmental labels and declarations shall be limited to those 
necessary to establish conformance with applicable criteria and 
standards of the labels and declarations. 
Principle 8. 	The process of developing environmental labels and declarations should 
include an open, participatory consultation with interested parties. 
Reasonable efforts should be made to achieve a consensus throughout 
the process. 
Principle 9. 	Information on the environmental aspects of products and services 
relevant to an environmental label or declaration shall be available to 
purchasers and potential purchasers from the party making the 
environmental label or declaration. 
These principles do not explicitly state that LCA must be used to assess the 
environmental performance being labelled but the requirements for a 'thorough and 
comprehensive' scientific methodology' that takes 'into consideration all relevant 
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aspects of the life cycle of the product' are most readily met using LCA. The need to 
avoid 'creating unnecessary obstacles to international trade' does have implications for 
the use of impact categories such as BRE's 'Transport Pollution and Congestion' 
category — because of its implications for goods produced in one country and 
consumed in another. However, the fact that labelling is not mandatory largely 
overcomes this factor. 
2.3.2.1 Type / environmental labels 
ISO 14024:1999, Environmental labels and declarations — Type I environmental 
labelling — Principles and procedures, defines a Type I labelling scheme as: 
voluntary, multiple-criteria-based third party programme that awards a licence which 
authorizes the use of environmental labels on products indicating overall environmental 
preferability of a product within a particular product category based on life cycle 
considerations. 
Type I environmental labelling schemes include: 
• Blue Angel 
• EC Ecolabel 
• Nordic Swan 
The success of these schemes is that whilst they consider a range of criteria the label 
is only awarded to those products meeting the preset criteria — no interpretation of facts 
is needed by the consumer. 
2.3.2.2 Type II environmental labels 
ISO 14021:1999, Environmental labels and declarations —Self-declared environmental 
claims (Type II environmental labelling) defines a self-declared environmental claim 
(Type II label) as an: 
environmental claim that is made, without independent third-party certification, by 
manufacturers, importers, distributors, retailers or anyone else likely to benefit from such a 
claim. 
Type II self-declarations often cover aspects such as: 
• Compostable 
• Degradable 
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• Designed for disassembly 
• Recycled content 
• Pre-consumer material 
• Post-consumer material 
• Recovered (reclaimed) material 
• Reduced energy, material or water consumption 
• Re-usable. 
This type of labelling is not widely used and its lack of third party verification leaves the 
claims vulnerable to being perceived as biased. 
2.3.2.3 Type Ill environmental declarations 
ISO/TR 14025, Environmental labels and declarations — Type Ill environmental 
declarations has been published as a Technical Report, rather than as a full standard 
(a committee draft is in preparation), because the subject is still under technical 
development. ISO/TR 14025 describes a Type Ill environmental declaration as: 
quantified environmental life cycle product information, provided by a supplier, based on 
independent verification, (e.g. third party), (critically reviewed) systematic data, presented 
as a set of categories of parameter (for a sector group). 
The Type III environmental declaration is non-selective but presents the information in a 
format that facilitates comparison between products. 
The Type III environmental declaration includes information supplied to industrial customers 
and to end-use consumers. 
'Third party' does not necessarily imply the involvement of a certification body. 
This description is not yet confirmed and the parts in parenthesis are still under 
discussion. 
TR 14025 defines a Type Ill label as: 
quantified environmental data for a product with pre-set categories of parameters based on 
the ISO 14040 series of standards, but not excluding additional environmental information 
provided within a Type III environmental declaration programme. 
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It goes on to define a Type Ill environmental declaration programme as a: 
voluntary process by which an industrial sector or independent body develops a Type Ill 
environmental declaration, including setting minimum requirements, selecting categories of 
parameters, defining the involvement of third parties and the format of external 
communications 
The calling up of 'quantified environmental life cycle product information' and 'pre-set 
categories of parameters based on the ISO 14040 series of standards' practically 
demands the use of LCA for producing the data presented in a Type III declaration. 
ISO/TR 14025 can be used to develop standards for Environmental Product 
Declarations (EPDs) and has been used to this effect by TC 59/SC 17/WG3 to produce 
their draft standard ISO/DIS 21930 (2005) for Environmental Declarations of Building 
Products. It is likely that ISO/DIS 21930 will be published in the near future. However, it 
is a difficult document to use and is unlikely to meet the needs of those seeking to 
establish an EPD scheme or those seeking to use such a scheme. ISO/DIS 21930 is 
discussed further in section 5.3.2.2. 
2.3.3 Other EPD actors and influences 
As well as ISO, others are participating in the field of environmental declarations, 
particularly EPDs. There are also other influences affecting the need for EPDs and the 
direction EPDs take. The following paragraphs set out the actors and influences that 
were found by reviewing information on the GEDnet and EC websites, and also 
addressed by van Halen et al. (2002). 
GEDnet — was set up in 1998. The Global Type III EPD Network is a private, non-profit 
association of Type III Environmental Declaration organisations and practitioners. 
GEDnet has become a liaison member to TC207/SC3 and is an actor in 
standardisation for EPDs. GEDnet has developed Product Specific Requirements for 
particular product categories and published EPDs for a diverse range of products. 
NIMBUS. The Scandinavian NIMBUS project (1998-2001) was to promote more eco-
efficient products and services in the Nordic industry, through the implementation, 
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testing and further development of a common Nordic system for EPDs based on ISO 
14040. 
SETAC. In 1998, the Steering Committee of SETAC created a WG to consider the 
application of LCA in the building and construction sector. The Working Group 
advocates that harmonisation of approach is needed to allow LCA results from different 
studies to be compared, and to allow them to be used for making meaningful choices in 
the building and construction sector. 
Within Europe, there are several areas where environmental performance has been 
embraced to one degree or another. The main areas are those of the Construction 
Products Directive, the Integrated Product Policy, and the structure and activities of 
CEN. 
The Construction Products Directive (CPD) and its harmonised standards have been 
set up to prevent barriers to trade within the EC. The CPD has Essential Requirements 
on environmental aspects of construction products; these are focused on indoor 
environment issues rather than the LCA approach of looking at environmental effects in 
the whole life cycle. Essential Requirement number 3 (ER 3) describes 'hygiene, health 
and environment'. ER 3 deals mainly with the immediate environment in 'works in use', 
with some immediate outdoor environmental aspects and the control of substance 
release. In their 2002 report, van Halen et al. (2002) proposed a new, wider 
interpretation of ER 3 to ensure a link to environmental effects in the life cycle, such as 
assessed by LCA. 
The EC's Integrated Product Policy (IPP) approach shows that it recognises the 
increasing consensus on the need to improve the environmental performance of 
products. 
CEN has developed a set of mechanisms to address the environmental soundness of 
products and processes in its standardisation activities: 
• CEN/BOSS/CEN Guidelines: the chapter in CEN/BOSS (Business Operations 
Support Systems) 'CEN guidelines on the consideration of environmental aspects 
in standards' 
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• CEN/SABE: CEN environment activities are directed by the CEN/SABE (Strategic 
Advisory Body on Environment) 
• CEN/EHD: the CEN Environmental Helpdesk gives advice to Technical Committees 
on how to incorporate environmental issues in technical standards 
• CSN.EP: the CEN Construction Sector Network Environment Project considers that 
environmental issues should be integrated at all levels in construction standards. 
These levels comprise: buildings in which products are used; environmental 
information about products necessary for the design of buildings, and incorporation 
of environmental aspects in product standards. 
The previous sections have looked at the actors and definitions behind environmental 
labelling and environmental declarations, the next sections review what has actually 
been put in place for the construction sector. 
2.3.4 EPD schemes 
This section looks at EPD schemes covering the construction sector. The review was 
conducted as part of the second phase of the project, where the aim was to investigate 
the options for communicating environmental performance information on building 
products. Information is presented in Table 2.7 below for EPD programmes for 
construction products in Europe. 
Table 2-7. EPD programmes relevant for construction in different countries (after van 
Halen et al., 2002, and Kotaji et al. 2003). 
Country Organiser EPD scheme for materials and 
buildings 
Year 
CH SIA (Swiss Society of SIA declaration matrix 1994 
Engineers and 
Architects) 
D Stuttgart University LCA of building materials and 
buildings (Ganzheitliche Bilanzierung 
von Baustoffe and Gebaude) 
2000 
D AUB 
(Arbeitgemeinschafft 
Umveltdeklarationen (environmental 
declarations) 
2002 
Umveltvertragliches 
Bauproducte) 
DK SBI (Danish Building and MVDB (EPD for Building Products) 2001 
Urban Research) 
F AFNOR (French 
standardisation 
organisation) 
Experimental standards — Information 
concerning environmental 
characteristics of construction 
products. 
2001 
Fin RTS (Building EPD for building products. 2001 
Information Foundation) 
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Country 
N 
Organiser 
NBI (Norwegian Building 
Research Institute) 
EPD scheme for materials and 
buildings 
Environmental Declaration of building 
products. 
Year 
1999 
NL NVTB (Dutch 
Construction Products 
Association) 
MRPI® (Environmental Relevant 
Product Information) 
Type III 
2000 
NL NEN (Dutch 
standardisation 
organisation) 
MEPB (Material Based Environmental 
Profile for Building). 
2001 
N Byggforsk (Norwegian 
Building Research 
Institute) 
EcoDec (Miljodeklarasjoner — 
Environmental Declaration) 
Type Ill 
1999 
S Ecocycle Council for the 
Building Sector 
BVD (Building Product Declaration) 
Type Ill 
1997 
S Swedish Environmental 
Management Council 
(Svenska 
Milfistyrningsradet) 
Environmental Product Declaration 
Type III 
1997 
UK BRE Environmental Profiles of 
Construction Materials, Components 
and Buildings 
Type III 
1999 
EC CEPMC (Council of 
European Products of 
Materials for 
Construction) 
Guidance for the Provision of 
Environmental Information on 
Construction Products 
Type II 
2000 
Van Halen et al. (2002) concluded that the UK, Swedish and Dutch MRPI® 
programmes were 'well used, accepted and established' but that the CEPMC scheme 
had not seen much take-up. The MRPI® EPD only covers cradle-to-gate performance 
and studies are carried out by various assessors rather than by a centralised source. 
It is important to be able to assess environmental impacts at the whole building level 
because the building level is often where the impacts of construction are manifested. 
However, this is not an easy task, mainly because of the long lifetime of buildings and 
the complexity and variability of design and location. Consequently, there are relatively 
few tools or methods available to do this. Table 2.8 below presents methods and tools 
for environmental assessment at the whole building level that take information from the 
programmes set out in Table 2.7. 
Table 2-8. Building level environmental assessment methods. 
Country 
D 
Owner 
IKP — Stuttgart University 
Model 
Build-It 
N NBI Ecoprofile 
UK BRE Envest 
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Building level assessment tools such as Eco-Quantum, Greencalc, LCAHOUSE, and 
Athena are not in the table because they do not have programmes operating at the 
material level (and for Athena there was the additional factor that the method is based 
on North American circumstances). 
Sustainable building tools such as BREEAM, Green Building Challenge and GBA-tool 
were not included but BRE's EPD scheme does feed into BREEAM's assessment of 
the environmental impact of materials. 
2.3.4.1 Published EPDs 
This section considers the information presented in the EPDs from the MRPI® (MRPI, 
2001), BRE (Howard et al., 1999), and Swedish Environmental Management Council 
(SEMC, undated) schemes. 
The three schemes are compared in Table 2.9 (scheme set up) and Table 2.10 
(information presented in the EPDs). 
Table 2-9. Comparison of the EPD schemes from MRPI, BRE and Swedish Management 
Council (scheme set up). 
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Table 2-10. Comparison of the EPD schemes from MRPI, BRE and Swedish Management 
Council (information in EPD). 
Environmental 
Resource 
consumption 
MRPI® 
issue 
Renewable 	✓  
Scheme 
BRE 
Environmental 
Profile 
x 
Swedish 
Environmental 
Management 
Council 
✓  
Non-renewable 	V I V 
Energy 	 Renewable 
consumption 	Non-renewable 	
Total Total primary energy 
V 
V 
Recycled materials 	 x x x 
Hazardous waste V x V 
Environmental 
impact categories 
Acidification 	V V V 
Climate Change 	V V V 
Eutrophication 	V V V 
Ecotoxicity V V x 
Freight 	 x 
transpOrt 
V x 
Human toxicity 	V V x 
Noise 	 V x x 
Odour V x x 
Ozone 	 V 
depletion V V 
Photochemical 
oxidant 	 V 
formation 
V I 
Waste disposal 	V I I 
Water 	 x 
extraction V x 
Human 	 V 
fatalities x x 
Land use 	 V x x 
Table 2.10 shows that all schemes address a broad range of issues with the MRPI® 
and BRE schemes addressing more issues than the SEMC scheme. The MRPI® 
scheme looks at issues not usually included in LCA (noise, odour, land use and human 
fatalities) but it is not clear how useful these measures are or how they apply 
throughout the life cycle. The BRE method does not address these issues but it does 
include Freight Transport (a proxy for noise, dust and congestion nuisance) and water 
extraction (water is an important resource that is not included in either the MRPI® or 
SEMC schemes). 
On balance, the BRE scheme presents a broad picture of the environmental impacts 
associated with building materials and building elements. In the future BRE may have 
to consider developing the EPD scheme to incorporate other sustainable development 
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indicators, such as land use and biodiversity. However, addressing such issues may 
require the use of methods other than LCA. 
2.3.4.2 Opportunities for EPDs in the construction sector 
EPDs present a range of opportunities that can be used to the benefit of the 
construction sector. Examples include: 
• Establishing a 'level playing field' for all manufacturers in each sector, so that they 
can present comparable data in a credible and useful way. 
• Educating the industry and its clients on the issues and the implications of 
everyone's choices throughout a product or building's life cycle. 
• Aiding product selection: 
o Allowing construction professionals and clients to consider the impacts of 
products at all life cycle stages (or from cradle-to-gate if the EPD is only for the 
material rather than for a component using the material) 
o Demonstrating compliance with environmental criteria set out in public 
procurement policies. 
• Informing product design: 
o Identifying where environmental benefits could be achieved (which is likely to 
produce economic gains too) 
o Improving business-to-business communication so that manufacturers can 
influence their suppliers to reduce the environmental impacts of their materials 
o Informing capital equipment purchasing plans. 
• Informing marketing campaigns so that credible facts are presented to set out the 
performance of a company's product. 
• Aiding building design, by presenting information that can be accumulated in 
models assessing whole building environmental impacts. 
• Demonstrating that the construction sector is aware of the issues surrounding its 
activities (mainly resource use and waste generation), and that it is taking 
responsibility for addressing the information needs of moving towards sustainable 
construction. 
2.3.4.3 Issues affecting EPDs in the construction sector 
Both Abt Associates and Davis (1998) and van Halen et al. (2002) identified issues that 
could adversely, affect the success of EPDs. The issues fell into two main groups: 
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• Barriers to trade 
• 	Market demand for environmental data 
Like the European Community's Construction Products Directive, the World Trading 
Organisation (WTO) has developed Agreements that contain provisions precluding 
discrimination amongst `like products'. Some interpret this to mean that the broad 
range of issues addressed by environmental labels are contravening this approach and 
are causing barriers to trade. However, WTO now explicitly recognises the objectives 
of sustainable development and environmental protection in its agreements. It is, 
therefore, likely that the WTO will recognise the aims of environmental labelling 
schemes and devise interpretations that interpret them as not posing barriers to trade. 
Broadening the interpretation of Essential Requirement 3 of the CPD will also mean 
that environmental labels are not seen to pose barriers to trade. 
However, a less easily overcome potential barrier to trade posed by environmental 
labelling was identified by Abt Associates and Davis (1998). This barrier relates to the 
largely domestic focus of most environmental labelling schemes — the schemes are 
usually aiming to address local environmental priorities and account for local 
environmental circumstances, they are also often developed with participation from 
local companies. This can make it much harder for foreign companies to meet the 
criteria set by the labelling scheme or, particularly for manufacturers in developing 
countries, even to generate the data needed by the labelling or declaration programme. 
Market demand for environmental information comes from three main sources (Abt 
Associates and Davis, 1998): 
1. Government legislation or public procurement demanding either the production of 
the data or the meeting of set environmental criteria 
2. Manufacturers seeking to differentiate themselves from their competitors in the 
market place 
3. Consumers demanding the information to make their selection. 
In the UK, market demand is being strongly led by Government policies. Government 
requires any new build or refurbishment programmes of its estate is assessed 
according to BREEAM (BRE's Environmental Assessment Method); Government is 
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responsible for 40% of the UK's expenditure on construction. BREEAM looks at 
performance in seven areas: 
• energy 	• materials 	 • ecology and land use 
• water • transport • health and well-being 
• pollution 
The materials section takes information from BRE's 'Green Guide to Specification', 
which sets out ratings for different building element specifications and the ratings are 
based on LCA assessments of environmental impact. Government has a further 
influence on the demand for environmental information via the Housing Corporation 
(part of government and responsible for managing government owned land). Any 
developer wishing to build on Housing Corporation land, and access funding from the 
Housing Corporation, must include a portion of social housing. The Housing 
Association requires that the entire development is assessed using EcoHomes 
(BREEAM for residential buildings, which calls up The Green Guide to Housing 
Specification' under the materials section) to get the funding and permission to build. 
The Green Guides contain a range of specifications for the main building elements, 
such as external walls, roofs and floors. The performance is based on generic profiles 
for the materials making up each specification, and only the most common 
specifications are covered. Consequently, manufacturers of products that are not 
included in the Green Guides will need to obtain information on their environmental 
performance and Green Guide rating, and any manufacturer wishing to differentiate 
themselves from their competitors will need to show that they are better than the 
generic rating in the Green Guide. 
The influence of the BREEAM approach is set to expand following the recommendation 
of the 'Sustainable Buildings Task Group' that it be used as the basis for the proposed 
'Sustainable Buildings Codeh. 
The direct demand for environmental information from construction professionals (i.e. 
that is not driven by the need to meet the requirements of schemes such as BREEAM) 
is much harder to gauge. However, the success of publications like the 'Green Guide to 
Specification' (which was developed to help the Post Office include environmental 
performance in managing its considerable estate), and the 'Green Building Digest' 
11 To date, only a domestic version exists; "The Code for Sustainable Homes", which was based 
on EcoHomes (the domestic version of BREEAM). 
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imply that there is a direct demand from some well-informed sources. If this direct 
desire for information on the environmental performance is wide-spread amongst 
construction professionals, and whether they have the knowledge to apply the 
information, is difficult to determine. 
Abt Associates and Davis (1998) contend that for an environmental labelling 
programme to be successful in helping society meet its environmental goals: 
1. it must produce accurate environmental information on the environmental 
performance of products; 
2. it must be possible to distinguish between the environmental performance of similar 
products (this is readily done with Type I labels but not so straightforward for Type 
III programmes); 
3. the information must be disseminated to the consumers of the products; 
4. the consumers must have enough understanding of the environmental issues 
presented and what was assessed to make informed decisions; 
5. enough products must be assessed to make the label or declaration meaningful. 
They acknowledge that this short list presents a tall order for any scheme to fulfil; they 
also contend that getting the information to people and understood by them are key 
issues. 
2.3.5 Information Design 
The communication of complex information via documents has been studied in the field 
of Information Design, which is also referred to as Human Factors. The following 
sections show how an understanding of how people turn sensory information into 
meaning can be used to develop effective information transfer documents. 
The first section describes how our brains interpret the information from our senses. 
The second section describes how the conversion of sensory information affects the 
way people learn. The final section shows how memory affects learning. 
The concepts presented in these sections were all used to develop the EPD and the 
Supporting Information, which are both included in Annexe C. 
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2.3.5.1 Sensations, perception and cognition 
Our senses are constantly taking in information from our surroundings but people only 
become aware of a tiny fraction of this information. This section looks at how people 
respond to visual information (images and text), how people process this into a picture 
of the outside world (perception), and how people build this picture into our 
understanding of the outside world (cognition). There are many different and interacting 
definitions of perception and cognition but Metallinos' (1997) concepts of perception as 
being the converting of sensory data into fragmented units of information, and cognition 
as the building up of the perceived fragments into a cohesive, unified whole seem the 
most useful and have been adopted for the work presented here. 
Pettersson (1995) has developed a 'mental model of learning', which he calls The 
Learning Helix'. Pettersson's model sets out four stages for converting sensory 
information into learning: attention; perception; processing, and application. Pashler 
(1995) pointed out that people can do a task with greatest speed and accuracy when 
they give the task their full attention. So, for information to stand any chance of being 
converted into learning, it must first get our attention. Pettersson (2002) argues that 
attention is never objective and that if something is big, bold, brightly coloured and 
moving, then it is sure to get our attention, particularly if we've never seen it before and 
it stands out from its surroundings. Text or images do not have to be all of these to get 
our attention but the more different, distinct and unusual something is, the more likely it 
is to draw our attention. 
Pettersson (2002) and Coe (1996) both point out that what people take from new 
impressions depends on our previous experiences and learning, our attitudes and 
interests, our needs and feelings, and the situation people are in. 
Since the focus of the work reported here is the development of visually presented 
information, vision is the sense that this section concentrates on. The image of the 
world that people 'see' is our brain's interpretation of the impulses sent to it by the rods 
and cones in the retina of our eyes. Eyes are complex organs and the rods and cones 
have complex arrangements to allow the detection of edges, surfaces, colours and 
contrasts but there is a gap in the rods and cones where the optical nerve leaves the 
eye. This gap covers the same areas as about 150 moons in the sky (each moon being 
roughly the same size as a finger nail when held at arms length). The image that 
people see of the world does not show this gap because our eyes move rapidly around 
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the scene; paying particular attention only to some parts of it (fixations') and our brains 
interpret the information to give us a complete representation. 
Work on the implications of eye movement for presenting visual information has shown 
that (Pettersson, 2002): 
o We only look at parts of an image 
o The way our eyes move and the number of fixations our eyes make depends on 
what people want to see, or are told to see, in a picture 
o The number of fixations is highest for the informative parts of a picture and lowest 
for the uninformative parts 
o We look at different kinds of pictures in different ways and get different levels of 
information and learning from them 
o The more fixations people make in an image, the greater our learning from them. 
If people were to pay attention to all the sensory stimuli in our environment it would be 
almost impossible to do anything else. This is why our information processing systems 
have evolved mechanisms to help them deal with the potential for overload, only 
making us aware of the information that experience has taught them is important. 
The first mechanism is a set of sensory data filters comprising 'thresholds', 'cocktail-
party effect', and 'sensory adaptation'. 
There are two types of thresholds: absolute and 'just noticeable difference'. The 
absolute threshold is the smallest amount of stimulus that people can detect half of the 
time. The level of the absolute threshold is not fixed and is affected by our mood and 
circumstances — you are more likely to detect something if you are interested and want 
to find it rather than disinterested and distracted. The just noticeable difference is the 
smallest amount of sensation people can detect between any two stimuli half of the 
time. This threshold is proportional: if you are carrying 10 kg, you are much more likely 
to be aware of the weight than if you were pushing the same 10 kg in a wheelbarrow. 
Our ability to focus only on the information important to us and filter out the rest is 
termed the cocktail-party effect. If information receivers do not see the relevance of the 
information they are given, they are likely to ignore it. 
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Sensory adaptation is the term given to our ability to stop responding to a repetitive 
stimulus; if you live near a railway line, when you first move in you are likely to hear 
every train that passes but after a while you are likely to stop hearing the trains at all. 
The implications of these mechanisms are that a document intended to transfer 
information should (adapted from Coe 1996): 
1. Only use the information that the audience needs to know; 
2. Be structured such that it is easy for the user to find the information they need. This 
can be achieved by: 
o Chunking information using lists, charts and 'grouping mechanisms' 
o Using navigation cues that are clear, consistent and meaningful 
o Using tables for column-row type information 
o Using clear, well-defined and logical hierarchies and heterarchies. 
o Presenting concept, process and reference material separately. 
3. Gain the users attention by: 
o Carefully and selectively using graphics, icons, colour and emphasis. 
o Ensuring that the graphics support and interact with the text. 
The next level of data filtering occurs at the perceptual level. The perceptual filters are: 
perceptual set; figure-ground relationships; laws of grouping; goodness of figures; 
shape-recognition strategies, and perceptual illusions. 
Our tendency is to interpret information in a particular way, that is people tend to see 
what people expect to see, is called our 'perceptual set'. Our perceptual set can be 
changed if people are told what people should expect to see; this effect can be 
employed in figure descriptions to ensure that the reader takes the meaning that the 
producer of the information intended. Think of the picture that can be interpreted as the 
head of an old woman wearing a scarf or as a young woman wearing a hat with a veil —
you are more likely to 'see' the old woman if you are told the picture is of the old 
woman. 
Pettersson (2002) points out that perception is always looking for clarity and the 
relationship between a figure and its background (figure-ground relationship) is very 
influential on our interpretation of the message. The classic representation of this is the 
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picture that can be interpreted as either a white vase on a black ground or the 
silhouettes of two faces looking at each other. This means that it is important to make 
sure that it is clear in any image which part is the figure. The concept can also be 
applied to text, which needs to be structured to ensure that the reader knows which are 
the key messages. 
People have a strong tendency to group objects together. People usually group things 
if they are close together, if they are alike, if they appear to be continuous, if the objects 
have a symmetry that indicates a larger whole, if there are gaps that people think they 
can readily fill ('closure'), and if the objects seem to be moving towards a common fate. 
These reasons for grouping apply directly to images but the situation extends to text for 
both symmetry and closure. We prefer symmetry in physical appearance and also in 
the design and development of concepts, and the grouping and lay out of sections of 
text. The concept of closure has particular implications for information transfer: users 
will provide their own answers to any gaps in the information. 
People tend to go with the simplest interpretation of an object; the 'goodness of figures' 
effect. This means that if the simplest interpretation of both images and text is not the 
one you want, you must clearly set out what the interpretation should be. 
People use shape-recognition strategies to interpret both images and text. Knowing the 
audience means that the graphics, metaphors and extended examples presented in a 
document can match 'templates' that the document's users already have, e.g. trees for 
foresters. 
There are some well known perceptual illusions that influence how people perceive 
objects — we do not see what is actually there. These illusions are largely visual but the 
concepts are often directly applicable to written information too. 
Coe (1996) identifies the following illusions and their implications for both images and 
text: 
o 	POggendorf effect — occurs if something disrupts visual or conceptual flow. It is 
much harder to keep the thread of a new concept if it is interrupted by extra 
information. 
2.3 Communication of LCA information 	 82 
2 	Literature Review 
o Ponzo illusion — make sure that you do not manipulate the environment to appear 
as something it is not. 
o Relative size — people attach importance to things that appear biggest. 
o Muller-Lyer illusion — people need smooth transitions and way pointers; do not 
leave gaps to be filled. 
o Subjective contours — users want to make meaningful wholes of disorganised parts. 
o Necker cube — do not allow users ambiguity of changing perceptions. Information 
should be anchored to clear meanings and an organised construction. 
Pettersson (2002) states that texts and pictures may be either easy or difficult to 
interpret, depending on factors such as whether a reader has the necessary 
background knowledge in a given field to allow interpretation of a text. Salomon (1984) 
pointed out that people generally believe that pictures are an 'easy media'. Most people 
are convinced that it takes only a small amount of mental exertion to understand a 
picture. Weidenmann (1988) pointed out that a learner may believe that they have fully 
understood the content or message in an image and stop processing the information 
after only a short glance. Readers tend to focus on the part of a message that they 
perceive as more informative when a picture is combined with a text. 
2.3.5.2 Learning 
To ensure that the document presenting environmental information allowed users to 
learn as well as pick up facts, it was necessary to explore how people learn and to 
account for this in the material prepared. This section sets out how people learn, what 
they need to be able to learn, and why they learn. 
Learning theory combines the concepts of behaviourism (where the actions of people 
or animals are observed) and cognition (where changes in behaviour are assumed to 
result from learned concepts). 
It is believed that learning is based on what we've done before (experience) and the 
mental models (schemata) this experience has taught us to build. It is much easier to 
produce a change in behaviour by levering existing schemata than it is to produce the 
same change through introducing a completely new schema. But if new schemata are 
needed it is best to link them where ever possible to existing schemata, and start at the 
general level with detail being added only slowly. The habits that people have 
developed will also influence their learning; sometimes this can help change their 
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behaviour but often it will hamper this change as they will tend to revert to what they 
are used to (this effect is termed 'interference'). 
How quickly learners are able to act on the information they are given will depend 
where they are on the user curve. Coe (1996) identifies three types of user curve: 
technical information user curve; Piaget's cognitive developmental curve, and Erikson's 
psychosocial curve. 
The technical information user curve has five levels: entry; beginner; intermediate; 
power and outsider. The first four levels build on each other and move from the user 
who can only do tasks as directed (entry) through to the user who understands the 
system and can apply abstract reasoning (power user). The outsider is an infrequent 
user of the system who only wants to learn how to do specific tasks. 
Piaget's curve has four stages: sensorimotor; preoperational; concrete operational, and 
formal operational. These stages represent those that people go through in cognitive 
learning; there is no equivalent to the technical user curve's 'outsider'. At the 
sensorimotor stage people experience the world through actions carried out on actual 
objects. In the preoperational stage people can represent objects using words and 
images but cannot reason logically. The concrete operational stage is when people can 
think logically about actual events and can classify, combine and compare objects. 
Erikson's psychosocial curve identifies eight stages in people's social development with 
the first four stages being the most relevant to information transfer. These four stages 
correspond to those of the technical information user curve and Piaget's cognitive 
developmental curve. As with Piaget's curve, there is no 'outsider' equivalent. The first 
four states of development in social learning are: trust; self-confidence; initiative, and 
competence. 
Coe (1996) combined the three curves to profile five different types of user: 
1. Entry-sensorimotor-trust. This group of users need: 
o Information that is clear, definite, and limited to only what they need to know. 
The structure for the information also needs to be clear and concise. 
o Information on what will happen when they have done a task. 
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2. Beginner-preoperational-self-confidence. These users need: 
o Help to create simple, relevant schemata. 
o To be encouraged to ask questions. 
o Lots of straightforward examples. 
3. Intermediate-concrete operational-initiative. This set of users need: 
o Understanding of the logic structure of the information they are using. 
o Broad examples that they can take forward from their own experience. 
o A safety net to catch them while they explore. 
4. Power-formal operational-competence. These users need: 
o An in-depth understanding of the information 
o The chance to apply their analytical and problem-solving skills 
o A framework that encourages them to think about the information in new ways 
and to consider how to apply the information. 
5. Outsider. This type of user needs: 
o An acceptance of the fact that not everyone wants to traverse the user curve. 
o Information structureclin a modular way so that they can return to the 
information they need whenever they have to. 
o Route maps that guide them directly to the information they want. 
The needs that Coe identified are strongly biased by her interest in the production of 
documentation for software users but the principles can be applied to wider information 
communication problems. She also points out that the users of any document are likely 
to occur at all points on the curve and recognises the difficulty in meeting the needs of 
all user types in one document. The audience for the environmental information 
documentation include all of the profiles identified by Coe. Of the six strategies that she 
suggests for dealing with a broad audience, the following three were the most relevant 
to the preparation of the environmental information communication material that formed 
part of this PhD: 
o Prepare stand-alone, random-access modules of information with plenty of 
graphics (including white space), and defined terminology. 
o Present separately information on concepts, processes, procedure and reference 
material. 
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o Keep the body of the document to the main information needed and provide 
supporting detail in a separate place, such as an appendix. 
Coe (1996) argues that new learning requires the sender of information to provide 
answers to the questions: 'why is the learning needed?'; 'what is being learnt?'; 'how is 
it to be learnt?' and 'if it is learnt what will be the result?'. 
To answer the question 'why?' the learning is needed, the information should explain 
the background to the new learning, the benefits to the reader of learning the 
information and how the information relates to the reader's existing knowledge. 'What?' 
can be answered by explaining the ideas behind the new learning, how the new 
information works and how it fits with the information they already have. Setting out 
where further information can be found will also help answer questions about what is 
being learned. How the new learning is to be achieved can be covered by setting out 
the workings of the new learning, presenting specific applications of the new learning, 
and presenting the new learning in terms of sound, logical hypotheses with narrowly 
defined parameters. The 'if' question can be answered by explaining the relevance of 
the new learning and how the new learning relates to existing knowledge. 'What if...' 
scenarios can also be useful. 
Learning requires motivation — people struggle to learn things that they are not 
interested in or do not relate directly to what they have to do (Beaver, 1994). Coe 
(1996) defines motivation as 'A need, desire or incentive that energizes behaviour and 
directs it towards a goal'. Abraham Maslow identified three supersets of needs, which 
form a hierarchy: 
o basic needs — physiological and safety needs. 
o psychological needs — belonging and self-esteem. 
o self-actualisation — self-fulfilment. 
But needs are mixed and people do not have to fulfil all of their basic needs before 
higher needs begin to be felt. 
The three supersets of needs can be mapped across to the needs of information users: 
o Basic needs 
— 	A media with which users are comfortable learning the information. 
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- The information presented in a logical structure. 
- Confidence that the information is accurate, reliable and predictable. 
o Psychological needs 
- The feeling that a user is part of a broader user community. 
- A sense of mastery of the information and competence with using the 
information. 
- Being treated with respect and not being talked down to or patronised. 
o Self-actualisation needs 
- Being encouraged to apply the information in original ways, and frameworks 
that allow them to do this. 
- The freedom to take the information and use it as the foundation for 
applications beyond the immediate situation. 
- Pointers to how they can further explore the information. 
Coe (1996) suggests that these needs can be met by: 
o Providing clear roadmaps to the types and levels of information in the material, so 
that each reader can find the information that best meets their needs. 
o Showing how the information relates to the users' world. 
o Giving examples that illustrate how to solve users' problems. 
o Including what-if scenarios. 
o Demonstrating your respect for your users. 
o Giving sources of Further Reading for those users who want to know more. 
Pettersson (2002) states that people learn differently from verbal language 
representations (text and speech) and visual language representations (images). In 
verbal language, a word does not directly correspond with reality, whereas in visual 
language, an image usually looks like what it is representing. However, Gombrich 
(1969) states that no pictorial representation becomes a 'statement' unless words are 
used to set out what the image represents: for deeper understanding, we must learn 
how to 'read' pictures. Most pictures can be interpreted in more than one way unless 
the meaning is fixed by accompanying verbal language. Barthes (1977) described this 
fixing of pictorial meaning by words as `anchorage'. 
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The environmental information material that forms the basis of this part of the study 
reported in this PhD required the use of text, which requires reading by the user to 
extract the relevant information. Pettersson (2002) states that people read in different 
ways, depending on the purpose of our reading: we skim if we want an overview of the 
material, we focus on content signals if we are looking for particular information, and 
we read every word intensively when we want to be sure we have extracted all the 
information and meaning we need. We leave out anything that we see as irrelevant to 
the purpose of our reading. There is a danger with new material and users that are 
skilled at skimming, since difficult material cannot be fully understood using speed 
reading (Atkinson et al. 1990). 
Pettersson (2002) argues that the reading procedure is important to the reader's ability 
to understand a text. When reading long, continuous text, people process separate 
sentences with a view to how they fit into the whole. Text comprehension is a 
constructive process whereby we build our perception of the whole by integrating what 
we are reading with our experience. People learn that text is sequential and thus to 
think in linear sequential ways (Pettersson, 2002) — this can make on-line systems 
harder to grasp because of their network rather than linear structure. 
Pettersson (2002) states that the reading people remember best is that done at the 
beginning and the end of a reading session. Atkinson et al. (1990) concluded that the 
optimum time for learning from reading was 20-40 minutes, after which a pause is 
needed. Bradshaw (2000) reported that large amounts of text cause eye fatigue. Klare 
(1985:15) concluded that readers tend to recall material better when writers present 
information: 
1 	As cause-effect or contrast arrangements, not in lists. 
2 	As straightforward (i.e. explicit) relationships rather than relationships needing 
inferences to be drawn (i.e. implicit). 
3 	Using a parallel structure for the parts of a sentence that have parallel meaning. 
4 	Using repeated words and ideas, rather than words which occur only once and 
novel ideas. 
5 	Linked to a reader's knowledge, rather than unrelated to a reader's prior 
knowledge. 
6 	In main ideas, rather than in details. 
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Pettersson (2002) argues that learning from reading text is affected in the same way as 
comprehension: what you can remember depends on how much you understood. 
Pettersson also argues that pre-understanding is an important step in the reading 
process. He believes that the appearance of a text creates expectations in the reader 
about its content. People often expect certain types of learning material to look in a 
particular way - we then activate the appropriate cognitive processes needed to 
interpret the message. We all develop our own methods for predicting what a text will 
be about. Writers can use introductions, abstracts, tables of contents, summaries, 
illustrations and tables to inform their readers about the material. Pettersson (2002) 
repeatedly states the need to ensure that the verbal and visual parts of a message are 
created in corresponding styles with the same kinds of content. Lidman and Lund 
(1972) found that people usually see pictures before they read text. Pictures can 
function like headings to text, giving the reader a pre-understanding of the contents of 
that specific text. The immediate interpretation of an image is handled on a low 
cognitive level but an analytical interpretation of an image needs high cognitive level 
activities (Pettersson, 2002). Pictures in a document give us a mental pre-
understanding of the style and the kind of text in the document, as well as a pre-
understanding of the complete message of the document. 
2.3.5.3 Memory 
Lindsay and Norman (1977, p 337) succinctly described the importance of memory for 
new learning with the statement that: 
The problem in learning new information is not getting information into memory; it is making 
sure that it will be found later when it is needed. 
Different researchers have defined different types of memory. One of the main 
methods of classification is based on the length of time that the memories last. Bloom 
et al. (1985) describe three stages of memory: sensory (or immediate) memory; short-
term memory, and long-term memory. 
Sensory memory is described as a temporary buffer store. It is the memory that allows 
us to store stimulus information at the peripheral level and is important for things like 
making a sentence from consecutive words. It is likely that perception relies heavily on 
sensory memory. Sensory memory seems to be the first step to getting information into 
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short-term memory but not all sensory memory information makes it into short-term 
memory. 
The short-term memory holds information for up to 1-2 seconds (Levie, 1987). Our 
short-term memory is important for tasks such as reading texts and pictures, and active 
listening but it has severe capacity limitations. Repetition of information increases our 
chances of remembering it and many rehearsal strategies exploit this effect (Weinstein 
and Mayer, 1986). Short, easy to understand words and sentences have the greatest 
chance of giving information that will make it into our short-term memory. 
Coe (1996) recommends the use of techniques such as information chunking to help 
get information into the short-term memory. Miller's 7 ± 2 rule for lists is the origin of the 
tenet that 5-9 is the range for a list of things to remember with 7 being optimal. 
Information from the short-term memory is filtered before being passed into our long-
term memory. The filter is based on importance, which is assigned according to 
previous experience. Murray and Mosberg (1982) found that the longer a reader has to 
interact with visuals and text (e.g. by note taking and analysis), the greater the 
likelihood of the information being moved from the short-term memory into the long-
term memory. 
Long-term memory contains different types of memories including episodic for 
memories associated with events, and semantic for memories associated with 
knowledge. Branch and Bloom (1995) propose that visual information is retained longer 
than verbal information. Beaver (1994) claimed that visual memory is very fast; with 
inner images being 1,000 times faster to view than a word from verbal memory. 
Rumelhart (1981) and Sinatra (1986) propose that long-term memory comprises 
schemata that allow us to represent reality and to act upon this representation. Each 
schema provides a means of inserting new knowledge to adapt the whole. To gain 
competence in a task, it is vital that a learner has a schema that includes the 
knowledge needed by the task (Pettersson, 2002). 
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Other models for memory have been proposed based on what function the memories 
perform. Procedural and declarative memories have been defined (Pines, 1986). 
Procedural memory is for processes, like driving a car, and is unconscious. Declarative 
memory is for facts and it is the memory people are aware of. 
Coe (1996) identifies five divisions of declarative memory: 
1. Episodic — for events. 
2. Associative — for links (tags') associated with data in long-term memory; networked 
structure where many paths lead to the same answer. 
3. Semantic — for the meaning of facts, concepts and vocabulary. 
4. Lexical — for the shape and sound features of words (the meaning of words is held 
in semantic memory). 
5. Image — pictures (seen and constructed mental images). Image memory is one of 
the most robust of the memory divisions (Russel, 1979). Data stored as an image 
or with an image is easier to recall than data in a non-image format. 
Coe (1996) recommends the following strategies to take advantage of these divisions 
in declarative memory: 
• Exploiting episodic and flashbulb memories to create metaphors, extended 
examples and problem solving scenarios that the user can readily relate to. Help 
them to either create new schemata from your information or add your information 
to their existing schemata. 
• Using consistent tags that you want users to associate with your information to help 
them store the tags in their long-term memory. Exploit tags users already have or 
help them create new tags to make storage and retrieval of your information easier, 
quicker and more accurate. 
• Employ the separation of semantic and lexical memory that enables users to 
concentrate separately on the look of a word and the meaning of a word. Define 
your terminology and use a mini-glossary at the beginning of each information 
module or a common glossary at the end of a collection of information modules. 
• Use the strength and dominance of image memory to help users store robust, 
interactive images that are quick and easy to retrieve. Enhance text with graphics, 
and use visual metaphors and visual language in extended examples and problem-
solving scenarios. 
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These recommendations are borne out by the work of several researchers. Paivio 
(1983, 1986, 1991), stated that, for adults, images are key to aiding long-term 
retention. Paivio (1983) showed that our memory for pictures is superior to our memory 
for words: termed the pictorial superiority effect. Winn (1993) argued that it is generally 
accepted that information presented in pictures is encoded both as a picture and as a 
verbal label naming the picture. This 'dual coding' (Paivio 1971, 1983) or 'conjoint 
retention' (Kulhavy, Lee and Caterino 1985; Schwartz 1988) gives a redundancy in 
memory that allows information to be retrieved from either the image or from the 
semantic memory. Haber and Myers (1982) found that our memory for a picture-word 
combination is better than our memory for words alone or our memory for pictures 
alone. Dwyer (1978, 1985) proposed that using visuals to complement texts is an 
effective rehearsal strategy for learning. 
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2.4 Key points from the Literature Review 
The key points arising from this review of the literature are: 
LCA methodology 
1. LCA is the only tool that looks at the whole life 'cradle-to-grave' environmental 
impacts of meeting a need and gives quantified measures of the impacts of the 
different ways that a need can be met. 
2. LCA is a powerful tool with many potential applications where an understanding of 
the long-term implications of decisions taken at different stages of a product's life is 
needed. 
3. LCA studies answer specific questions and the results depend on the activities 
included, the practices and technologies used, the assumptions made, and on the 
quality of the data used and its analysis. The results from individual studies can 
only be compared with great care. This conclusion is underlined by the work of Lee 
et al. (1995), which explored boundary changes to published LCA studies and 
discovered that the results changed radically. They concluded that the biggest 
sources of errors were in boundary definition and data collection. 
4. LCA presents a wealth of learning opportunities: it encourages 'life cycle thinking' 
and provides the opportunity for every part of the chain to see where it sits in the 
whole and how it can influence the environmental performance of the need it is 
meeting. 
5. LCA also presents a wide range of reporting opportunities, whereby parts of the 
chain can demonstrate their current performance and set out how they plan to 
improve this performance. 
6. LCA can be used to inform policy decisions (business and government), product 
and process development or improvement or both, or choose between specific 
options for meeting a need. 
7. LCA must be done with great care and reported with clarity and transparency: a lot 
of expertise is needed to ensure that the purpose of a study, the aspects examined 
and omitted, the assumptions made and the analysis done are clear to all using the 
results. 
8. LCA results are very specific to the study that they are presented in and extraction 
of results from one study to compare with the results from another study can only 
be done with caution — even if the same environmental impacts are reported, with 
the same units, the scope and boundaries of the studies may be very different, the 
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allocation method and the characterisation factors used to assess the impact could 
also be different. 
9. Understanding of the issues addressed by LCA, and the modelling of these issues, 
is always improving and the results from studies can have a limited lifetime. 
10. LCA does not readily quantify many environmental issues that are regarded as 
important by many people. Issues such as `sustainability% land use, and 
biodiversity. However, this is often because these issues are themselves either not 
well understood or defined or readily measured. It is also true that LCA may well 
not be the best tool to measure these effects and produce a meaningful measure 
that applies to all points of the life cycle or all the alternative means to meeting the 
identified need. 
LCAs of timber 
11. No published results were found setting out the environmental performance of UK-
grown and processed timber. 
12. Most work on timber and timber-based materials has focused on the initial stages of 
raw material extraction and the production of sawn timber or panel products. 
13. Timber and timber products were generally found to have lower energy 
requirements than comparable construction materials. 
14. The amount of transport needed to bring in the raw material and distribute the 
products strongly affected the environmental impacts. 
15. Timber preservation is changing, legislation has reduced the applications that CCA 
is permitted in and it is likely that CCA will not be allowed at all in the very near 
future. Many have switched to the use of water-based systems incorporating 
insecticides and pesticides at low doses; heavy metals are being avoided. Whilst 
timber treated with water-based preservatives is often categorised as 'non-
hazardous', this does not mean that the environmental consequences of using 
these substances should be overlooked. However, data on the production and 
impacts of these substances is not currently available. Work is also needed to 
examine the environmental impacts of novel approaches to improving timber 
durability, such as acetylation and thermal treatments. Claims about the 
`environmental friendliness' of these alternative approaches seem to be being 
based on their avoidance of toxic substances rather than a robust assessment of 
the wider environmental impacts associated with the energy demands of the 
process and the implications for end-of-life disposal. 
16. Forestry and the timber sector have faced a high level of demand for their practices 
to be 'sustainable'. This has led to the proliferation of Sustainable Forest 
Management (SFM) schemes and chain-of-custody schemes. These schemes look 
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at a wide range of issues, some address social and environmental issues better 
than others. The schemes are not directly comparable and the requirements placed 
on individual forests are often not comparable within a scheme. Some are 
endeavouring to bring the activities of SFM within the quantified approach of LCA. 
This was regarded as outside the scope of this PhD and it is felt that the potential 
measures for issues such as biodiversity, local heritage, and local community 
protection are important but best handled within SFM and not LCA. By trying to 
incorporate it, LCA runs the risk of becoming highly site specific and of producing 
measures that do not travel well throughout the life cycle, do not produce a 
meaningful value and do not transfer to alternative means of meeting the need set 
out in the functional unit. 
17. Another issue that was regarded as outside of the scope of this project but which is 
of considerable importance is that of land use. Forestry, in common with 
agriculture, has high land use demands; whilst forestry doesn't occupy as much 
land as agriculture, the land it uses is committed to forestry for a long time. Many 
are working hard to produce meaningful indicators of land use but again the issues 
are complex (what are you measuring?, why is that important?, how can you add it 
up over a life time?, how do you do the same for all materials?) and are not yet 
ready for inclusion in LCA. The forestry sector will need to be involved in the 
developments in this field, as there are considerable implications for the calculated 
environmental impacts of their products and activities. 
Dissemination of LCA information 
18. Environmental reporting uses a variety of styles and formats, all of which present 
difficulties to the end user of the information. 
19. There is a range of environmental labelling and declaration programmes available; 
some working at the product level and some at the building level but very few 
linking between the levels. 
20. The different labelling and declaration programmes produce differing levels of 
information (facts) and meaning (what the facts indicate): 
a. Type I labels offer a lot of meaning with no information 
b. Type II labels offer some meaning but little information 
c. Type Ill declarations are high on information but give very little meaning. 
21. The construction sector has particular difficulties associated with environmental 
labelling — mainly because of the long life of buildings, the uniqueness of each 
design, and the multitude of environmental information needed to assess the wide 
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range of materials used. The construction sector, therefore, needs a tailored 
programme to present its information. 
22. The construction sector favours programmes developed specifically for it, 
particularly Type Ill labels (Kotaji et al., 2003). 
23. The EPD format shows potential for successful dissemination of environmental 
information but the EPDs published so far are in very different formats, containing 
very different information generated in different ways. The end user must work very 
hard to use the EPDs to make informed choices amongst comparable products. 
24. EPDs seem to be trying to meet too many needs at different points in the supply 
chain — this will make it very difficult to ensure that the right information and data is 
included and presented in the most suitable way for the end user to turn the 
information into knowledge. 
25. A successful EPD programme will need: 
• Clear and concise documentation setting out any Product Specific 
Requirements 
• A clear and consistent format for the information presented 
• To be focused on the needs of the targeted end user 
• To be applicable at both the national and international level 
• To provide context for the information to support informed decision making 
• To avoid presenting barriers to trade 
26. Communication of the information appears to be key. A conclusion also reached by 
Kotaji et al. (2003) who identified research into knowledge transfer and 
communication was needed, especially in the field of product declarations and 
labelling for Building Material and Component Combinations, and Buildings and 
Constructions. They also wished to see any such research disseminated via 
education, the raising of environmental consciousness of all stakeholders in 
Buildings and Constructions, and the presentation format of results. ISOITR 14025 
also supports this conclusion and identified the following research needs: 
A.1.2 Life cycle inventory analysis: 'In order to support the use of LCI' for Type III 
environmental declarations, research is needed to understand how LCI-based Type III 
environmental declarations can be accurately communicated to end users. In addition, 
LCIA'-based Type III environmental declaration programmes also benefit from more 
general research in LCIA data collection, improvement of data quality and availability 
and reduction of costs.' 
LCI = Life cycle inventory analysis. 
LCIA = Life cycle impact assessment. 
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A.1.3 life cycle impact assessment 'Research is needed to understand how LCIA- 
based Type II environmental declaration end users interpret different LCIA category 
indicator results, relative to the limitations described above. The outcome of this 
research may influence the design, execution and user interpretation of Type III 
environmental declarations. Research is also needed to optimise the accuracy and 
relevance of the information in a Type III environmental declaration relative to the work 
efforts and costs of data collection and characterisation modelling for an LCIA study.' 
27. The Type Ill declaration developed by BRE seems the most appropriate one to 
develop further because it is LCA-based, was developed specifically for the 
construction sector, can feed into building level assessments of both environmental 
performance (Envest) and sustainability (BREEAM and EcoHomes). Information 
produced using this methodology has the greatest potential to be taken up by the 
end users and the development of a useful EPD format has the greatest potential 
for informing and influencing the behaviour of construction professionals and their 
clients. 
2.5 	The work of this study 
LCA is the most appropriate tool to examine the whole life environmental performance 
of timber. BRE's LCA methodology is tailored to construction products and allows 
building components to be developed using material information collected and 
analysed in the same way. The resulting environmental profile information can be used 
to directly feed a material's environmental performance into the environmental 
performance of a whole building using Envest. The environmental profile information 
can also be used when assessing the sustainability performance of a housing 
development using BREEM or EcoHomes, where it determines the number of credits 
earned by particular building elements. This interlinking of tools and the coverage of 
building products, buildings and developments means that using the BRE methodology 
will produce data capable of informing a wide audience on the environmental impacts 
of timber and ensuring a considerable degree of uptake of the data via these tools. 
Timber potentially has good environmental performance but this conclusion is largely 
based on published results only assessing the early stages of a life cycle, where the 
issues of the boundaries set by the studies and the allocation methods used are not 
stated. No information was available on the environmental performance of UK-grown 
and processed timber at any stage of the life cycle. This is a gap that the work 
presented here clearly needed to fill — whilst around 80% of timber used in UK 
construction is imported, home-grown timber is widely used. 
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There are many options available for reporting on environmental performance but all of 
them present difficulties in getting the information across to the non-LCA experts who 
have to use the information when choosing between construction products. 
Environmental Product Declarations (EPDs) show promise as a dissemination 
mechanism, since they present information that can be exchanged between 
businesses and potentially joined up into whole life assessments of buildings. 
However, the format suggested by ISO presents huge amounts of information but does 
not allow any 'meaning' to be added to the information (only factual data is required 
with no indication of the importance of the size of any of these facts). There is an 
enormous gap in the understanding the needs of end-users for environmental 
information and the ability of end users to interpret and apply environmental 
performance information. This view is supported by Kotaji et al. (2003), the research 
needs identified in ISO TR 14025 and by the attendees at the 2nd Integrated Product 
Policy Expert Workshop (EC, 2001); 'It was stressed by many that without proper 
training of purchasers, including those in the public sector, EPDs would be of limited 
use.' 
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This Chapter sets out the methods used to determine the environmental performance 
of UK-grown and processed softwoods. It also describes the approaches used to 
evaluate the importance of environmental information to a selection of construction 
related companies and the uses they have for environmental information. The Chapter 
also sets out the work done to develop and test a way of disseminating the 
environmental information to those wishing to use it. 
The Chapter is broken into two main parts: 3.1 addresses the method needed to carry 
out the assessment of the environmental performance of UK softwood; 3.2 looks at 
understanding the needs that environmental information must meet and how to develop 
and test a method for disseminating the environmental performance information. 
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The first section, 3.1, looks at the details for the particular means of carrying out LCA 
assessments developed at BRE: 
3.1.1. Goal and scope definition 
3.1.2. Inventory analysis 
3.1.3. Impact assessment 
3.1.4. Improvement assessment 
These sub-sections combine to demonstrate that the BRE method for LCA was the 
most appropriate one to investigate the environmental performance of UK sawn 
softwood (section 3.1.5), and to ensure the widest application for the results. 
The second section, 3.2, is broken down into: 
3.2.1. Questionnaire on the role of environmental information 
3.2.2. Developing a format for disseminating environmental information 
3.2.3. Testing the communication format 
These sub-sections combine to show that a successful communication method needs 
an understanding of what the users think they want to know, tempered with knowledge 
of what the LCA practitioner thinks the users need to know to make informed and 
appropriate choices. 
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Direct applications: 
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LCA Framework 
Interpretation 
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Definition 	4 	
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3.1 Life Cycle Assessment 
ISO's description of the framework for LCA is set out in Figure 3.1 below. 
Figure 3-1. ISO framework for LCA. 
The main stages of LCA are briefly described in Figure 3.2. 
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Stage 1 
Goal & Scope 
Defines: 
•purpose of study 
•intended use 
•product(s) defined 
•functional basis for comparison chosen 
•level of detail and quality 
Stage 2 
Inventory Analysis 
Involves: 
•Mapping processes that produce functional unit 
'Gathering data on amounts of energy and raw materials 
used, plus emissions to air, land and water for each of the 
processes 
•Converting data into environmental effects in an inventory 
table summed over the whole life cycle. 
Stage 3 
Impact Assessment 
3 steps: 
•classification - effects of resource use and emission generation are allocated to 
the relevant impact categories 
•characterisation - contributions of different substances to each impact category 
are referenced to that of a specific substance (' normalisation' is an extension of 
this step and relates the level of impact recorded for the product in each category, 
for example, to the total amount of each problem occurring in the UK in one year) 
•valuation - results for each impact category are weighted to indicate their relative 
importance 
Figure 3-2. Outline of LCA stages. 
LCA is best applied to a whole life cycle and to examine the environmental impacts of 
achieving a particular function. This means that studies are often done by looking at 
what you want to achieve, e.g. 1 m2 of external wall over a 60-year life, and setting out 
how that can be done, e.g. timber frame, brick and block, and steel frame. Then finding 
out what processes are needed to support that function throughout the life cycle. 
It is very important to ensure that it is clear what is covered by the study (its Scope), 
particularly what the boundaries are, and what it is to achieve (its Goal). So, the 
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answers you get depend on the questions you ask, and you can only compare the 
results of studies that were done in the same way. 
What is a life cycle? Figure 3.3 below shows the main stages that a product will pass 
through from the extraction of raw materials (cradle) through to final disposal (grave). 
At each of the stages shown, new materials (raw or already processed) will enter the 
life cycle and their impacts will have to be traced back to their cradle. The transport 
associated with all stages and processes must also be included. 
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Figure 3-3. Typical life cycle stages for a product or functional unit. 
For each process or life cycle stage, information is needed on: 
1. What is used (materials, energy types and fuels) 
2. How much is used 
3. Where each resource came from 
4. How it got there 
5. What is produced (products and wastes) 
6. How much is produced 
The approach adopted in this study has been to use the method developed at BRE to 
look at the environmental impacts of construction materials and building elements 
made from these materials. The BRE method conforms to ISO 14040. The stages of 
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LCA are set out below, and the details of the specific approach used in the BRE 
method are described at each stage. 
3.1.1 Goal and scope definition 
This stage is where the specification for the study is set out. This must include a clear 
statement of why the project is being done (i.e. its goal) and how the results will be 
used. The information needed to achieve the goal is then described along with how the 
data will be processed and the quality assurance procedure to be used. LCA can be 
used for a number of different goals. Some of the main ones are: 
strengths and weaknesses analysis 
product improvement 
product comparison 
increasing 
complexity 
 
How the results of the LCA are to be used determines the technical goals that must be 
met. This in turn sets what must be covered by the study, i.e. its scope. If the study is 
being done to obtain recommendations for redesigning a product or process, the study 
would need to include an improvement assessment. To compare similar product types, 
analysis of identical elements of the life cycles could be left out to give a 'difference 
analysis'. The two examples above are where only its commissioner would use the 
results of the LCA study and the data levels and quality are not paramount. Where LCA 
results are to be used publicly, e.g. for ecolabelling, the study must be done with great 
care and the results independently assessed. 
For a study with the aim of achieving product improvement, one product can be used 
as a reference and the results for the improved options compared to its performance. 
When the goal of the LCA study is to compare alternative products, a suitable means of 
comparison is needed. This is usually based on the function the product is to fulfil. The 
amount of product needed to achieve this is called the 'functional unit'. The information 
gathered is then converted to the amounts appropriate to a single functional unit. The 
precise definition of the functional unit also limits the alternatives that might be relevant. 
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3.1.2 Inventory analysis 
This is the stage where all the data needed to evaluate the environmental impacts of 
the chosen product or function is gathered. A full life cycle begins with the extraction of 
the raw material and follows through production, use, maintenance and repair, through 
recycling or reuse to final disposal. Not all of these stages are relevant to every case 
and inventory analysis usually begins by mapping the relevant stages of the life cycle 
and identifying which processes are involved. The processes making up the life cycle 
can be drawn up into a 'process flow chart' (also called a 'process tree'). This becomes 
more elaborate as more processes are considered. The complexity of the process tree 
will increase if the product is either recycled, re-used or both. 
Each process requires inputs and gives one or more outputs, as illustrated in Figure 
3.4. If appropriate to the goals of the study, each process can be broken down into 
clearly identifiable sub-processes and these are called 'unit processes'. These inputs 
and outputs are separated into either economic (e.g. goods and services) or 
environmental (e.g. resource use and emissions). 
Figure 3-4. Life cycle inventory template showing the inputs and outputs needed for each 
process and for the whole life cycle. 
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Product system from 
environment 
Product system from 
other product 
systems 
Processes within the 
product system that 
will be assessed 
from those that will 
not 
Usually clear since economic processes are 
operated actively (for social and economic 
reasons) whereas environmental processes 
(even if influenced by human activity) are not 
organised for their role in consumption and 
production. 
Not always clear particularly when economic 
processes have been designed to have 
more than one function. Allocation of specific 
inputs and outputs to each of the processes 
can be done. Allocation is often based on 
the physical property that best reflects the 
socio-economic context of each product but 
can be highly problematic and contentious. 
Requires knowledge of the contribution of 
each process to the overall results. If a 
process is shown to have little or no 
influence on the final outcome then it can be 
excluded from the analysis.  
A 
B 
C 
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The data can be collected from direct measurements, published data files, scientific 
literature, and from industry and government records. Whichever source of data is 
used, its quality must be assessed and the influence of this on the final results 
evaluated. 
The combination of the flow chart with the data gives a clearer view of the critical 
processes in the product life cycle being studied. With this knowledge, it is possible to 
produce more precise boundaries to the product system. There are three basic types of 
boundary: 
Type 	Separating 	Means of identification 
The definition of system boundaries often calls for subtle decisions that can 
substantially affect the study's outcome. The influence of the decisions made can be 
checked using sensitivity analysis but this requires that a possible influence is 
suspected. 
Data is most likely to be available in units relating to large-scale production (this helps 
data handling and error reduction). 'Scaling factors' must be derived to adjust the 
values for inputs and outputs to give amounts relating to one functional unit. 
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The results are then summed for all parts of the life cycle to give the 'inventory table'. 
This table contains only environmental information; all the economic inputs and outputs 
have been converted into the relevant environmental ones, e.g. the energy needed for 
melting steel would be entered as values for resource extraction and emissions. 
The data gathering period is set to reduce variability as much as possible (for 
manufacturing, this is usually one year). The data are processed through the Inventory 
Analysis steps and are related to the definition of the functional unit the process 
produces (e.g. all the resources used and emissions generated to achieve 1 m2 of 
timber frame external wall over a lifetime of 60 years). The end product of this stage is 
an Inventory Table summed over the life cycle that presents all the inputs and outputs 
as their appropriate environmental measure, e.g., MJ of electricity would be present in 
terms of resources used (such as fossil fuels) and emissions caused (such as NON, 
CO2 and SO2) — the actual impacts will depend on the source, or mix of sources, of the 
electricity. 
3.1.3 Impact assessment 
Impact assessment is where the results of the inventory analysis are interpreted in 
terms of the impact they have on the environment. These environmental effects then 
have to be compared to reach an overall assessment of the products studied. Life cycle 
impact assessment can help direct and focus other environmental techniques to 
assess particular environmental impacts in greater detail and to ascertain better the 
environmental significance of these impacts. 
Impact assessment is divided into three steps: classification; characterisation; and 
valuation. 
3.1.3.1 Classification 
In this step, all environmental istressors' or 'interventions' (resources used as inputs 
and emissions to the environment) are classified according to the kind of environmental 
problem they contribute to. Environmental impact categories include: 
resource depletion 	 human toxicity 
energy depletion aquatic toxicity 
global warming 	 terrestrial toxicity 
photochemical oxidation 	 eutrophication (nutrification) 
soil and lake acidification ozone depletion 
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Climate Change 
Acid Deposition 
Ozone Depletion 
Human Toxicity 
Summer Smog 
Ecotoxicity 
Eutrophication 
Fossil Fuel 
Depletion 
Minerals Extraction 
Water Extraction 
Waste Disposal 
Transport Pollution 
and Congestion 
Global warming or greenhouse gases 
Gases causing acid rain etc. 
Gases destroying the ozone layer 
Pollutants toxic to humans: 
i) in air, and 
ii) in water 
Air pollutants causing respiratory problems 
Pollutants toxic to the ecosystem 
Water pollutants promoting algal blooms 
etc. 
Coal, oil and gas consumption 
Metal ores, minerals and aggregates 
Mains, surface and ground water 
Material sent to landfill or incineration 
Distance and mass of freight moved 
CC100 
AD 
OD 
HT Air 
HT Water 
POCP 
Ecotox. 
Eutroph. 
FFD 
ME 
WE 
WD 
TP&C 
Impact category 
name 
Contributory factors Abbreviation 
   
3 Methods 
The impact categories used by BRE are given in Table 3.1. 
Table 3-1. BRE's Environmental Impact Categories. 
After discussion with a number of LCA practitioners concerning the available methods 
for producing environmental profiles, the approach developed by colleagues at BRE in 
the Centre for Sustainable Development (Howard et al., 1999, BRE Methodology for 
environmental profiles of construction materials, components and buildings) was 
adopted. This method was selected as the one most appropriate to the UK and 
because it gave the greatest potential for achieving a wide uptake of the results and the 
opportunity to help improve knowledge transfer on environmental performance of 
construction materials. The BRE method looks at the 13 impact categories given in 
Table 3.1 and outlined in Table 3.2 below. 
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Table 3-2. Outline of BRE's environmental impact categories. 
Impact category 
Acid deposition 
Description 
Effect depends on where the deposition occurs, can cause 
material erosion and loss of aquatic life. 
Chemicals with proton donning capabilities include NH3, HCI, 
HF, NOx, and SOX. 
Climate change 'Global warming' is associated with problems of increased 
desertification, rising sea levels, climatic disturbance and 
spread of disease. 
Gases with 'greenhouse' or radiative forcing effect, e.g. CO2, 
CFCs, HFCs, N20 and methane. 
Fossil fuel 
depletion and 
extraction 
Reflects the total quantity of fossil fuel energy depleted by the 
process. The energy content of all fossil fuels is assumed to be 
equally valuable. 
Minerals 
extraction 
Reflects the total quantity of mineral resource (all minerals, 
including metal ore) extracted. 
Ozone depletion Reflects the effects of ozone depleting gases, including CFCs 
and HCFCs, on stratospheric ozone. 
Pollution to air: 
Human toxicity 
Low level ozone 
creation 
{Substance toxicological factor x kg body weight} / kg substance 
Toxicological factors are based on tolerable concentrations in 
air, air quality guidelines, tolerable daily intakes and acceptable 
daily intake. 
Associated with diverse impacts such as crop damage and 
increased respiratory disorders. Solar radiation can cause 
hydrocarbons to create ozone (photo-oxidation). NOx and VOCs 
control the rate of the reaction. 
Pollution to water: 
Human toxicity 
Ecotoxicity 
Eutrophication 
As for pollution to air 
Based on CML method 
Causes loss of biodiversity through over-enrichment of water 
supplies. 
NH3, nitrates, NOx, total N and total P are included. 
kTransport 
pollution and 
congestion: 
freight 
Reflects impacts from world-wide freight transportation. It is 
currently assumed that all types of transport are equally 
damaging. 
Waste disposal Reflects the depletion of landfill capacity, the noise, dust and 
odour from landfill sites, gaseous emissions and leachate 
pollution, loss of resources from economic use and risk of 
underground fires etc. 
Water extraction Reflects the depletion, disruption or pollution of aquifers, or 
disruption or pollution of rivers and their ecosystems due to over 
abstraction. Assumes that all abstractions are equally 
damaging. 
k BRE are currently reviewing the methodology as it relates to the measurement and assessment of freight transport 
pollution and congestion, and in future materials transported by rail and ship will have a reduced impact within this 
category. Emissions and use of fuel by transport are included within the relevant impact categories and the methodology 
in relation to these emissions will not change. 
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The issue of allocation was also discussed with many practitioners and it was decided 
to follow the approach outlined in ISO 14041 (1998)' andincorporated in the BRE 
environmental profiles methodology: 
o Avoid allocation wherever possible by dividing the shared unit process into sub-
processes 
o Allocate on any underlying physical relationship 
o Allocate on a relevant relationship. 
For the data obtained in this study, there was very little opportunity for avoiding 
allocation, as most mills could only provide a limited amount of separated unit process 
data. This resulted in most allocation being done on the basis of economic value (since 
this reflected the relationship between the products and the purpose of the process). 
The only exception being the allocation of the climate change benefits of sequestered 
carbon in wood, which was allocated on a purely physical basis. 
Borg et al. (2001) pointed out that buildings pose particular problems, mostly due to 
their long service lives, which requires a 'parallel time perspective' where past and 
future activities are assumed to be the same as those done now. Their aim was to 
produce an allocation method suitable for use in building LCAs, particularly for open-
loop recycling, they found that allocation on an economic basis was often appropriate. 
Each intervention can contribute to several types of problem, e.g. NO emissions 
impact on human health, acidification and global warming. 
Table 3.3 gives an example of how Inventory Table results would be converted by 
classification. 
'ISO 14041 (1998) has been superseded by ISO 14044 (2006) but the recommended approach 
to allocation remains the same. 
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Environmental measure 
(inventory data) 
10 kg NO. 
1 kg NH3 
Impact category 
AD 
	
CC 100 	1POCP 
10 kg NO. 
1 kg NH3 
10 kg CO2 
10 kg CH4 
10 kg CO2 
10 kg CH4 10 kg CH4 
Eutroph. 
10 kg NO. 
1 kg NH3 
3 Methods 
Table 3-3. Classification of selected example Inventory Data. 
3.1.3.2 Characterisation 
The information gathered together in the classification stage will be for all the different 
substances contributing to that impact. To evaluate the overall contribution of the 
product or functional unit to each problem requires the effects of these to be combined. 
This has led to the development of environmental models giving 'equivalency factors' 
indicating how much a substance contributes to a problem compared to a reference 
substance. Table 3.4 below shows some of the equivalency factors already developed. 
Table 3-4. The reference materials and terminology for some impact categories. 
Impact category Reference material Terminology sometimes 
used 
Global warming carbon dioxide (CO2) Global Warming Potential 
Photochemical ethene (C2H4) Photochemical Ozone 
oxidation Creation Potential 
Acidification sulphur dioxide (SO2) H+ release potential 
Eutrophication phosphate (PO43) Nutrification potential 
(Nutrification) 
Human toxicity kg body weight exposed to 
substance toxicological limit 
The characterisation step for Table 3.3 is given in Table 3.5. 
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Table 3-5. Characterisation of classified data. 
Environmental 
measure 
10 kg NO, 
AD 
(kg SO2 eq.) 
10 kg NO, x 
0.7 
= 7 kg SO2 
Impact category 
CC 100 
(kg CO2 eq.) 
POCP 
(kg ethene 
eq.) 
Eutroph. 
(kg PO4 
eq.) 
10 kg NO„ x 
0.13 
= 1.3 kg 
PO4 
1 kg NH3 1 kg NH3 x 
1.88 
= 1.88 kg SO2  
1 t NH3 x 
0.35 = 0.35 
kg PO4 
10 kg CO2 10 kg CO2 x 1 
= 10 kg CO2 
10 kg CH4 10 kg CH4 x 21 
=210 kg CO2  
10 kg CH4 x 
0.007 = 
0.07 kg 
ethene  
Totals 8.88 kg SO2  
eq. 
220 kg CO2 eq. 0.07 kg 
ethene eq. 
1.65 kg PO4 
eq. 
The characterisation step gives the level of each impact category caused by the 
product or functional unit of interest. This is an environmental profile with each category 
in different units (those of its reference substance, e.g. kg SO2 equivalents). 
For example, the global warming effect of methane can be converted into the amount 
of CO2 needed to give the same effect (the global warming effect of 1 kg of methane is 
taken to be the same as that caused by 21m kg of CO2, Gunther and Holley, 1995. 
However, this is timeframe dependent and the period over which the effect is likely to 
occur must be used as the basis for selecting the conversion factors). Ideally, 
equivalence factor models should include the 'fate' of the substance indicating the 
duration of its potentially harmful availability and a measure of the harm it may do. 
Models for characterisation are still being developed as are methods for dealing with 
local differences. One example of where the environmental impact occurs having a 
considerable effect on its importance is that of SO2 emission. If SO2 is deposited on the 
open sea the sulphuric acid formed does not do much harm there whereas deposition 
on a mountain lake can cause considerable harm. It is also the case that threshold 
levels may exist below which emissions cause no harm and these may vary from 
region to region. But for global problems such as global warming and ozone layer 
depletion, regional differences are not helpful. 
m Characterisation factors change as understanding evolves. The Intergovernmental Panel on 
Climate Change (IPCC) regularly reviews the factors for greenhouse gases . 
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Characterisation gives a list of figures, called the 'impact profile' or the 'eco-profile', 
specifying the quantified contribution of the product or functional unit to each 
environmental problem. The figures are not easy to compare as they are usually in 
different units. This is why 'normalisation' is often done. 
Normalisation 
Normalisation relates the level of environmental impact for the product or functional unit 
to the problem occurring world-wide during one year, i.e. product problem/ global 
problem, so all categories have units of time. 
The normalised impact profile this produces can then be examined to determine which 
environmental problems are seriously affected by the product and which are not. 
However, the figures do not give any indication of the relative importance of the 
different problem types. 
Normalisation divides the level of impact in each category by the annual level of impact 
occurring either nationally or globally in each impact category. The result is called a 
'normalised profile'. BRE has derived an environmental profile for the impacts 
attributable to one UK citizen per year (see Box 2), which is used to divide the 
characterised profile so that the impact categories can be directly compared with each 
other (the units all being 'per year'). 
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Climate Change 
(100 years) 
12,300 kg CO2 
e•. 
Acid 
Deposition 
Ozone Depletion 
0.286 kg CFC11eq. 
Human 
Toxicity to Air 
90.7 kg tox. 
Low Level 
Ozone 
Creation 
32.2 kg ethene 
e•. 
Human Toxicity 
to Water 
0.0777 k• tox. 
Water 
Extraction 
418,000 I 
Ecotoxicity 
178,000 m tox. 
Waste 
Disposal 
Eutrophication 
8.01 k•PO4 e•. 
Transport Pollution 
and Congestion 
4,140 t.km 
Fossil Fuel 	Minerals 
Depletion 	Extraction 
4.09 toe 
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Box 2. BRE Normalisation profile 
The chart below shows the annual impacts of 1 UK citizen in each of the 13 impact 
categories. These numbers are used to produce the normalised profiles. The units 
for each category are different and are given for each category. 
Environmental Profile for the Annual Impacts of 1 UK Citizen. 
eq. = equivalent 
But this does not answer the question, 'Is the biggest impact of my functional unit the 
most environmentally critical one?' This is the purpose of the final step of Impact 
Assessment: valuation. 
3.1.3.3 Valuation 
This step involves the overall comparison of the environmental problems to which each 
product contributes. One way of doing this is using a panel of experts. But there is 
often a desire to reduce the results of an LCA to a single figure 'environmental index' 
allowing different products or options for decreasing environmental impacts to be 
compared directly and simply. The single environmental index is obtained by weighting 
each environmental problem according to its perceived importance. The scores, 
multiplied by their appropriate weighting factor, are then added to give an overall 
environmental index. 
These weightings are subjective and will depend on preferences and social values 
whereas characterisation is focused on environmental knowledge. In different parts of 
the world, there are different perceptions of present and future environmental risks. 
This leads to different weightings of environmental problems and one general weighting 
system may not be appropriate. However, this may lead to the situation where widely 
different interpretations are made from the same results and it may become necessary 
for an authoritative set of weighting factors to be issued by national or international 
bodies. 
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Up to this point, LCA is firmly objective — it only says what the impacts are. It maintains 
a breadth of information on a wide range of issues. But, if you want to compare several 
options, it requires considerable knowledge to apply it and extract all the information 
relevant to your decision. This is why systems of weighting the results of the 
environmental profile (usually the normalised profile) have been derived. 
Valuation is a subjective process because what is important to one person or nation 
may well not be the same as what is important to another person or nation, e.g. what 
goes into the ground water is a big issue in the Netherlands but not so important in the 
UK. Since this is where objectivity ends and subjectivity begins, this is the stage of LCA 
where the most controversy exists. Valuation is generally used to produce a single 
numerical score by weighting each of the impact categories and summing over them 
all: the 'ecopoints' score. It is possible to look at the ecopoints scored by all the ways of 
achieving the functional unit you are interested in and giving them a ranked score (e.g. 
an A, B or C rating as in BRE's Green Guides) or by directly comparing the numerical 
scores to make your choice. 
The weightings in the valuation scheme developed by BRE were arrived at by research 
funded by DETR (before they became part of Defra). During 1997/98, BRE undertook a 
consensus-based research programme to weight sustainable construction issues. 
Building on other Eco-indicator methods, the study used panels representing the 
perspectives of interest groups drawn from across the UK construction industry. These 
groups assessed economic, social and environmental sustainability issues. Through 
consultation with the panels, the research established the relative importance of 
different sustainability issues across the construction industry, finding a strong degree 
of agreement between the interest groups. The derived weightings for BRE's impact 
categories are used to calculate UK Ecopoints. The weightings, like the LCA method, 
will evolve as the whole approach develops. Digest 446 (Dickie and Howard 2000) sets 
out further information on Ecopoints. 
The weightings derived for each impact category are set out in Table 3.6. 
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Climate Change Acid Deposition Ozone Depletion Human Toxicity to 
Air 
38% 5% 	 8% 7% 
Photochemical Human Toxicity to Ecotoxicity Eutrophication 
Ozone Creation Water 
(Summer Smog) 
4% 	 3% 	 4% 	 4% 
Fossil Fuel Mineral Extraction Water Extraction Waste Disposal 
Depletion 
12% 
	
3.5% 
	
5.5% 
	
6% 
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Table 3-6. Weightings for BRE's UK Ecopoints scheme. 
The weighting scheme initially included Transport Pollution and Congestion (TP&C) but 
it was argued by DTI that this could be seen as setting up a barrier to trade within the 
European Union. Consequently, TP&C was removed from the weighting system, and 
the weight given to the TP&C category was shared proportionately amongst the 
remaining 12 impact categories. 
The impacts caused by one UK citizen each year adds up to a total of 100 UK 
Ecopoints. Activities with different levels on impacts in each of the environmental 
impact categories can achieve the same total Ecopoints score. For example, 138 
tonnes of mineral extraction, landfilling 130 tonnes of waste and manufacturing 75 
tonnes of brick (25,000 bricks) all result in an Ecopoints score of 100. 
3.1.4 Improvement assessment 
The results of LCA can be used in an improvement assessment. The first stage of this 
is to examine the life cycle to find the source of the contributions of the product, or 
parts of the functional unit, to the environmental problems. The processes identified will 
then be the ones where improvements will show the greatest benefits. 
The analysis may indicate major links that could prevent improvement. These 
diagnostic elements can be turned into guidelines for improving the studied product. 
The guidelines in turn allow the production of improvement options. This phase should 
also address the economic, ergonomic and other relevant aspects of the product to 
ensure that the environmentally improved product is still acceptably priced and 
functions properly. 
The improvement options identified can be compared in what is effectively a new LCA. 
In product improvement, this LCA is usually restricted to a difference analysis. The LCA 
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is done to highlight the side effects of improvement options to avoid problem shifting. 
Repeating the process several times leads to optimised improvements for the product 
system. 
The results of LCA can also be used to help the move towards sustainable 
development by encouraging cleaner production and consumption. 
SETAC advocates the inclusion of an Improvement Assessment within the framework 
of an LCA study but ISO regards it as outside the framework: ISO believes the 
Improvement Assessment to be an application of the LCA study rather than integral to 
it. The BRE method conforms to ISO 14040, so it does not include an Improvement 
Assessment. 
3.1.5 Assessment of UK sawmilling 
The UK's sawmilling industry is fairly diverse with processors ranging from small, family 
run, single mill businesses through to large multi-mill groups. The technology varies 
considerably between these extremes, with the large groups tending to have highly 
mechanised mills and the smaller mills using less technology and more labour to 
process the timber. 
The objective of the assessment was to determine the environmental performance of 
as high a proportion of the UK's sawn timber production as possible. Softwoods 
represent the majority of trees grown and timber processed in the UK. Consequently, 
this study focused on softwoods processed by the larger mills but also including some 
of the higher producing smaller mills. This approach allowed for the profiles to model 
around 60% of the home-grown timber processed in the UK and included a variety of 
processing technologies. Because of the mix of mill sizes and technologies covered by 
this study, the representativeness of these results is higher than 60%; its 
representativeness is probably closer to 80-90% of UK production. 
A total of 15 mills were surveyed: all produced sawn timber; 10 kilned timber, 9 treated 
timber, and 6 kilned and treated timber. 
Mass balances were used to check the information provided by the mills. Mass balance 
at sawmills is complicated by the fact that the logs are measured in green tonnes, the 
timber in m3 and the co-products of bark, chips and dust are measured in tonnes: 
3.1 Life Cycle Assessment 	 117 
3 Methods 
converting the timber to tonne equivalents and allowing for moisture uptake for the co-
products adds a difficult to quantify degree of error to the assessment. The approach 
adopted to do this is described in section 3.1.5.2. 
The study was concerned with understanding the environmental impacts of raw 
material production and primary processing. It is intended that the results from the 
study will be taken forward into appropriate life cycles for a range of construction and 
non-construction applications. Therefore, the techniques of LCA are still relevant and 
environmental profiles of producing sawn timber have considerable merit. Previous 
assessments have only covered generic GB forestry and a very limited amount of UK 
sawn softwood production. 
A Goal and Scope document was produced for the study and is included as Annexe 
A1. The Goal and Scope document was formulated according to the requirements of 
ISO 14041 for an external LCA. However, the environmental performance was 
evaluated on a per cubic metre basis rather than the usual LCA functional basis. This 
will then allow the timber to be taken up into the whole life assessment of any 
appropriate functional unit. 
The sawmilling assessment covered collection of roundwood (including bark) from the 
UK forest roadside to the 'final' product output at the mill gate. The timber species, log 
qualities and sources of material will reflect those used by the mills. The boundaries 
have been established as raw material sources and preservation with current 
technology (CCA and CCB) and packaging. The softwood product types evaluated, per 
1 m3 of product, were: unseasoned, untreated timber; kilned timber; kilned and treated 
timber, and treated timber. It was initially hoped that graded timber products could be 
investigated but it is not possible to separate out the inputs to this stage of the process 
as it is strongly integrated with the main sawmilling operations. 
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3.1.5.1 Data gathering 
Figure 3.5 below shows the generic process flow diagram used to aid data gathering 
from the 15 sawmills surveyed in this study. 
Figure 3-5. Generic sawmilling process flow diagram showing inputs, process stages, 
and outputs 
Data was gathered using a combination of site visits and data questionnaires. The 
questionnaires were tailored to each saw mill according to the processes and materials 
they used, and the way they kept their data (see Annexe A). 
3.1.5.2 Mass Balance 
To ensure that no materials had been omitted from the data supplied by each sawmill, 
a mass balance check was done. However, there are several factors that make this a 
complicated process for sawmills: 
1. Inputs of logs are recorded in tonnes or m3 but outputs of solid timber are in m3 and 
residues are in tonnes. 
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2. The moisture content" of the input log changes throughout the year and through 
different stages of the process. 
3. The incoming logs are timber plus bark but bark is usually excluded from the input 
tonnages (calibration loads are weighed, debarked and scanned to get top diameter 
under bark, then conversion tables are used to generate volumes which are related 
back to the incoming tonnage). However, bark is usually included as a process 
output. 
4. The moisture content of the outputs also changes throughout the year. 
Consequently, mass balance can only be done by converting volume to mass. The 
question is whether to convert to a dry mass basis or a green tonnage equivalent. 
Either approach requires moisture content to be considered: should actual moisture 
contents be used or is an assumed 'typical' moisture content appropriate? A further 
question to be answered is how to calculate and allow for water evaporated from the 
process? 
Dry mass option 
Converting all timber inputs and outputs to their dry mass equivalents poses the 
following problems: 
a) Need to assume a density of the timber at a particular moisture content 
b) Need to assume yearly average moisture contents of the logs, sawn products and 
residues 
c) Need to find a way of converting results to represent actual moisture content of 
products. 
Material Unit Conversion Formula (m3 to t) 
Logs 
Sawn 
timber 
Residue 
Sitka spruce 
Scots pine 
Douglas fir 
Lodgepole pine 
Unseasoned, untreated 
Kilned 
Kilned, treated 
Treated 
Bark 
Chips 
Sawdust 
t or rriJ  
t or m3 
t or m3 
t or m3 
m3 
m3 
m3 
m3 
t 
t 
t 
tdry = (Dmctl( mct + 1)) x V 
twet = ((Dmctl( niCt+1))X(MCI+1)) X V 
D = density; mct = mc of timber; mc, = 
mc of logs; V = volume 
tdry = twet I (MCw+ 1 ) 
mc,,,, = mc of residue 
Green tonne equivalent option 
11 Moisture content can be calculated according to the dry mass of the woody material or its wet 
mass. Sawmills and most wood-based panels use dry mass but paper producers, along with 
some engineered wood product and MDF producers, use a wet mass basis. Moisture contents 
presented in this thesis are on a dry mass basis. 
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Converting all the timber inputs and outputs to green tonne equivalents has its own 
problems: 
a) Need to assume conversion factors for converting 1 m3 of product to 1 tonne of 
incoming log 
b) Need to assume yearly average moisture contents of the residues 
c) Approach does not account for dimensional changes of products 
Material Unit Conversion Formula (m4 to t) 
Logs 
Sawn 
timber 
Residue 
Sitka spruce 
Scots pine 
Douglas fir 
Lodgepole pine 
Unseasoned, untreated 
Kilned 
Kilned, treated 
Treated 
Bark 
Chips 
Sawdust 
t or rn*J  
t or m3 
t or m3 
t or m3 
m3 
m3 
m3 
m3 
t 
t 
t 
1 and = 1 t 
1 m3 = 1.2 t 
tdry = twet / (mcw+1) 
mc,, = me of residue 
Life-Sys Wood approach 
A European project called Life-Sys Wood also encountered these problems. The 
approach they adopted was: 
1. To describe processes per 1,000 kg production of the required wood output 
material. 
2. To state the mass of input and output wood materials including the moisture. 
3. To specify the moisture content of each input and output material. 
4. To include the amount of any water evaporating from the wood during the process 
in the inventory emissions list. 
The problems with this approach are: 
a) Need to assume yearly average moisture contents of the residues. 
b) Does not account for dimensional changes of products. 
c) The results are strongly affected by the assumed density. 
Conclusions on approach to take for sawmill mass balances 
It was concluded that the dry mass option was not appropriate because it ignored the 
transport of water, lost the accuracy of the original data, and was highly dependent on 
the moisture content assumed. The Life-Sys Wood approach was also rejected on the 
grounds of the errors introduced by the required assumptions. 
It was, therefore, decided that a modified version on the green tonne equivalent 
approach was appropriate. The cubic metres of sawn softwood timber were converted 
into green tonne equivalents, the logs remained as green tonnes and the co-products 
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and residues were kept as the masses recorded by the sawmills. This approach was 
used simply to perform the mass balance for each mill and check that all inputs and 
outputs had been tracked. 
3.1.5.3 Environmental profile calculation 
The environmental profiles themselves were calculated by separating the inputs and 
outputs into three process stages: sawing; kilning and preservation. Not all sawmills 
carried out all three stages. The amounts of material passing through each stage were 
determined along with the amount of associated outputs. All logs passed through the 
sawing stage and all of the bark, chips and dust were produced in this stage too. The 
sawn timber produced by sawing could then be sold or could be kilned before being 
sold or preservative treated. Some timber was treated directly from the sawing process 
without being kilned. Consequently, four sawn timber products were assessed: 
untreated and unkilned; kilned; treated, and kilned and treated. 
The total inputs and outputs for each sawmill were converted into the inputs and 
outputs per cubic metre of product. The inputs and outputs of the sawing stage were 
allocated to the sawn timber, the chips and the dust according to the value of each. 
Two scenarios were encountered in how sawmills dealt with their products: all products 
sold, and some bark and sawdust burned on site for energy recovery. Figure 3.6 below 
shows the allocation approaches adopted for each scenario. 
The amount of carbon dioxide needed to produce the timber in 1 m3 was calculated 
according to the typical carbon content of dry timber (50%) and the density of the 
timber at 12% moisture content. The amount of sequestered CO2 was taken away from 
the Climate Change impacts of the product in the cradle-to-gate assessment. 
The disposal route for the timber at the end of its life will affect how the sequestered 
carbon contributes to the whole life Climate Change impact of the timber. 
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Bark burnt 
40 t 
Dust burnt 
70 t @ £0/t 
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Allocation - all outputs sold 
Sawn timber 
550 t @ £90/t 
1000t 
Logs 
Sawmill 
Bark 
70 t @ £15/t 
 
Chips 
300 t @ £13/t 
Dust 
80 t @ £81t 
Allocation - some outputs burnt 
Sawn timber 
550 t @ £90/t 
Bark 
30 t @ E15/t 
Chips 
300 t @ E13/t 
Dust 
10 t @ £8/t 
100 
LOgSL... 
Figure 3-6. Allocation method according to destination of sawmilling co-products. 
The inputs to the kilning and preservation processes were readily identifiable, and 
could be allocated according to the volumes of material undergoing each process: 
allocation by value was not necessary. 
The inputs and outputs for 1 m3 were linked to the upstream impacts for each material, 
energy and fuel source used; giving cradle to gate profiles for each product produced 
by each mill. 
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Generic profiles were produced for each product group. The profile for each product 
was calculated using the results from the mills producing that product weighted 
according to each mill's proportion of the total amount of product produced. For 
example, only 5 mills produced sawn timber that had been both kilned and treated, so 
the generic 'kilned and treated sawn timber' profile was the sum of each mill's profile x 
each mill's proportion of the total amount of kilned and treated timber produced by the 
5 mills. 
3.2 	Communication of environmental information 
Whilst gathering data to assess the environmental performance of UK sawn softwood, 
it became increasingly apparent that the industry participants in the project were 
struggling to get to grips with what LCA was about, what it was measuring and why that 
was important. They were prone to misinterpreting the results and looking at issues out 
of context. It was also clear that the users of the timber products were also struggling to 
understand and use the environmental information being given to them. 
This lack of understanding and ability to use the information provided by LCA fully 
supported the research's aim of evaluating the means of communicating environmental 
information — as Mariana Coe puts it: 'If your information isn't used, then it doesn't 
exist' (Coe, 1996). The focus of the communication aspect of the investigation was 
then set on the data users. The initial step was to find out why they wanted 
environmental information and how they would use it, which then guided the derivation 
of an appropriate communication method. During this initial assessment of needs, it 
also seemed pertinent to consider what the users of environmental information 
considered as highly important environmental issues: it was strongly suspected that 
there was very little understanding of what the impact categories LCA was assessing 
meant and, therefore, why these impacts were important. 
To investigate differences in data needs, as well as in data interpretation, the target 
audiences were sawmillers and wood-based panels' producers, plus housing 
associations, local authorities and construction professionals. 
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The following sections briefly outline this part of the study. 
Overview 
Subtask 
Develop 
questionnaire 
Activity 
II 	How do they currently receive and assimilate 
information? 
rt 	Who do they get their information from? 
11 	What approaches are the most effective? 
1-1 	Which sources do they trust the most? 
rt 	Are they aware of BRE? 
m 	Do they trust the information BRE produces? 
Gather 
information 
r 
11 
Postal surveys 
Telephone follow-up 
Evaluation g 
11 
Analyse results 
Develop an appropriate communication format based 
on cognitive psychology concepts 
Test format rf 
I:( 
Develop Usability Testing questionnaire to test 
effectiveness of method 
Target representatives of each group 
Evaluation rt Determine if any discrepancies exist between intended 
meaning and perceived meaning of information for the 
different methods 
The level of understanding of environmental issues was also being assessed, since 
this is crucial to ensuring that any information is correctly interpreted. 
Knowing how companies use environmental information and why they are interested in 
environmental issues helped in the development of effective communication formats. 
The content of the dissemination material will be influenced by the identified needs. 
The presentation manner was based on cognitive psychology research into how people 
most easily understand complex data. 
The final stage was testing the effectiveness of the approach developed. 
3.2.1 Questionnaire on the role of environmental information 
When considering the most appropriate way to gather the required factual data on the 
use of environmental information in companies, Gillham's (2000) lists of the pros and 
cons of questionnaires compared with interviews was used: 
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Pros Cons 
• Low cost (both time and money) • Data quality problems 
• Can easily get information from a (completeness and accuracy)  
lot of people in a short time • Typically low response rate unless 
• Respondents can fit answering in audience 'captive'  
with their schedule • Difficult to motivate respondents 
• Straightforward to analyse • Need brief and relatively simple 
answers to closed questions questions 
• Respondents do not feel • Misunderstandings cannot be 
pressured to give an immediate detected and corrected 
response • Questionnaire development is often 
• Lack of interviewer bias poor 
• Standardisation of questions (also • Only gets information by asking 
possible with structured questions 
interviews) • Respondents are presumed to have 
• Can give data that indicates a readily available, organised answers 
hypothesis that can be tested. • There is no control over the order 
that questions are answered, which 
can affect their context 
• How the question is worded can 
have a major effect on the answers 
given 
• Need to know literacy level of 
respondents 
• People are usually happier talking 
than writing 
• The seriousness or truthfulness of 
answers cannot be checked 
• Respondents may be unsure about 
what will happen to their answers. 
Whilst the cons make a longer list than the pros, it is possible to take many of the cons 
into account; especially by using a pilot study. BRE colleagues who are experts in the 
field of human interaction with the built environment, which requires extensive use of 
questionnaires, were also consulted. A questionnaire was developed, which my social 
science research colleagues reviewed, on the role of environmental information in 
companies for the target audiences (sawmillers and wood-based panels producers, 
and housing associations, local authorities and construction professionals). 
The questionnaire contained 8 sections: 
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1. Company approach to environmental information and issues —gives 
information on the standing of environmental issues in the company's structure. For 
example, it asks if the company has an environmental policy. 
2. Company view of environmental issues —investigates what the company regards 
as 'environmental issues, how important these issues are and why. 
3. Uses of environmental information — looks at what environmental information is 
being used for, why it is being used for that purpose and who it is being 
disseminated to. 
4. Relative importance of environmental information — asks for environmental 
information to be ranked against other influencing factors in the company's decision 
making process. 
5. Sources of environmental information — looks at where environmental 
information is being gathered from and how well liked the sources are. 
6. Type of environmental information required — examines the degree of break 
down in environmental information wanted and the methods used to get it. 
7. Format of environmental information — looks at how environmental information is 
received, if a different method is preferred and how preferred methods are 
achieved. 
8. Information about you — asks for contact details and professional background. 
Initially, the questionnaire attempted to gather information on current views and those 
anticipated in 5 years' time. However, a pilot study revealed this approach to be too 
unwieldy, confusing and off-putting. The full survey gathered only current views. 
The questionnaire was sent to 60 product users: 20 Local Authorities (LAs), 20 
Housing Associations (HAs) and 20 Architects (Arcs). Each group of 20 was divided 
into 10 companies that were known to be environmentally aware and 10 that were of 
unknown environmental leaning to investigate any influence of stated existing 
environmental interest. The survey was also sent to all of the UK and Ireland's wood-
based panel manufacturers (MFPs), and the UK sawmillers (MFSs) responsible for 
producing 80% of UK-grown sawn timber. 
The questionnaire was set out so that most questions could be answered by ticking the 
relevant box. However, the need to address many aspects of the role of environmental 
information meant that the questionnaire was relatively long (8 sides of A4). Also, 
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several areas required a degree of importance to be attached to the response (ranking 
on scales of 1 to 5) and this gave the appearance of complexity. 
Follow-up calls were made to respondents to encourage responses and then, if 
needed, to clarify answers. 
The full survey questionnaire is included in Annexe B. 
3.2.2 Developing a format for disseminating environmental information 
The objective of this stage of the study was to come up with a way of presenting 
environmental information to a variety of audiences, which quickly and clearly gave the 
information needed for someone to choose a product on the basis of its environmental 
performance. 
The objective was to be achieved by employing the concepts of the discipline known as 
`Human Factors' (also called 'Information Design' when applied directly to informative 
writing). 
The following sections set out the approach taken to produce the new format and the 
reasoning behind the content and layout chosen. 
Goddard (1998) suggested that the following aspects should be addressed when 
planning any document intended to give the reader information: 
1. Readership. Consider your audience — who are they? What is their background? 
What do they need to know? 
2. Objective. Why are you writing? What do you want to achieve? 
3. Scope and Content. The readership and objectives of the document determine its 
scope and contents. The contents should be based on the question, 'Do they need 
to know it?' The contents should also address the audience's motivation for reading 
and acting upon the document. 
4. Structure. The contents should be placed into a logical framework that helps the 
readers use the document to achieve its objective. 
5. Illustrations. What visuals are needed to support and reinforce the text? 
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6. Document plan. Produce an outline for the document and check that it is consistent 
with the intended audience and the objective of producing the document. 
The following sections set out how the above aspects were addressed in this study. 
3.2.2.1 Audience 
The main audience for the environmental information document was identified as 
construction professionals who need to include environmental performance in their 
selection criteria. Other potential audiences for the information were LCA practitioners, 
and the users and producers of construction materials. 
The main audience includes architects, designers and material specifiers. In itself, this 
is a broad audience that will contain people with no knowledge or understanding of 
environmental issues (what they are, how they are measured, what the results mean) 
through to those with a very good knowledge of the area and the aspects they wish to 
address. As well as having a wide range of knowledge, the main audience also has a 
wide range of interest in the area: some will have the desire to include environmental 
performance in their selection criteria but not have the background knowledge to allow 
them to do that easily, whereas others may not need to address environmental 
performance and will not want to learn how to do it. 
There is no direct regulatory driver forcing people to address environmental 
performance. But the increasing demand from clients for information and the increasing 
influence of schemes such as BRE's Environmental Assessment Method (BREEAM 
and EcoHomes) means that architects and specifiers increasingly have to get to grips 
with the environmental impacts of their designs. This audience is likely to want to 
devote as little time as possible to obtaining environmental performance information 
and using it to inform their decisions — they may want to acquire a limited 
understanding of the concepts and approach, so that they can discuss the reasons for 
their choices with informed clients but they are more likely just to want the 'answer'. 
The LCA practitioner audience is likely to be looking for detailed information on what 
was assessed, how it was assessed and the absolute results obtained. They are likely 
to have a sound understanding of the concepts of LCA but may not be familiar with 
how the BRE method applies them. 
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The user of the construction material is likely to be mainly concerned with ensuring that 
the decisions taken by their designers can be verified. They are unlikely to be 
interested in the concepts or approach of LCA or in what the results actually mean. 
The implication of this wide ranging audience profile is that the document will have to 
provide general information supported by specific detail. A problem for the design of 
the document is that it is not yet clear exactly what information UK architects and 
specifiers need (or want) to make their choices. 
3.2.2.2 Objective of document 
The objective of the environmental performance documentation is to accurately and 
clearly disseminate environmental information to the different groups making up the 
intended (and potential) audience. 
3.2.2.3 Scope and content of document 
The results of the questionnaire on the role of environmental information in companies 
indicated that there was a need for a document presenting environmental performance 
to include education as well as information. I, therefore, decided to take the route of 
producing generic Supporting Information as well as a focused EPD containing the 
specific environmental performance for the product being studied. The EPD was 
designed with two parts: Part 1 to give factual information without assigning meaning to 
that information, and Part 2 to give some meaning to the information given in Part 1. 
The Supporting Information was developed to cover the important aspects of LCA and 
moved from the general concepts and approach through to the specifics of the 
environmental impact categories assessed. 
3.2.2.4 Structure of document 
The concepts of Information Design, described in section 2.3.5, were used to derive the 
structure of the documents developed to present environmental performance data and 
to provide information to support the understanding of that environmental performance 
data. 
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3.2.2.5 Developing the document 
The framework for preparing a document presented in the introduction of section 3.2.2 
(Goddard, 1998) was very much based on what the writer wanted to achieve with their 
document. Both Coe (1996) and Pettersson (2002) argue that what the reader wants 
from the information must also be considered. Coe advocates deriving an in-depth 
knowledge of the audience that covers all the aspects relevant to their perception and 
cognition (such as their place on the three user curves, their learning styles, their 
reading goals, their problem solving processes and the likely problem-solving 
obstacles), and to use this to decide how to best present the information to them before 
developing the text that defines the problem being addressed and how the document 
responds to the problem. 
Pettersson adopts the approach of Goddard in first defining the intended message, 
who the message is for, and how best to present the message to its audience. But 
Pettersson goes on to say that the needs and responses of the readers must be 
accounted for in the preparation of the information. 
Goddard works from the writer's viewpoint but Coe argues that the writer needs to look 
at their reader's viewpoint too. It is not just about what you want to tell your readers; it 
is about why they want to know and what are they going to do with the information you 
give them. 
The ideas presented by Coe and Pettersson show that the way the information is to be 
presented needs to be considered early on but the purpose and content of the intended 
message, and the intended audiences' response, are key. Consequently, this section 
has been divided into two main, inter-dependent areas: 1. the information to be 
included, and 2. how the information will be presented. The following sub-sections set 
out the concepts behind these two areas, based on the knowledge of information 
design principles explored in the previous sections. 
Developing and designing information content 
The purpose of the environmental information document is to provide environmental 
performance data in a way that helps a construction professional to readily choose a 
construction material product based on its environmental performance. The document 
should also be able to impart the same environmental information to LCA practitioners 
and to the end users of construction. 
3.2 Communication of environmental information 	 131 
3 Methods 
The audience for the environmental information document was expected to be 
construction professionals (e.g. architects and product specifiers) and their clients. The 
questionnaire investigating the role of environmental information in companies (section 
3.2.1) was intended both to gauge the importance of environmental information (i.e. do 
companies really want to know about environmental performance and do they use the 
information to make decisions?), the level of understanding of environmental issues, 
and the use of LCA-based environmental information. The questionnaire was sent to 
architects, Housing Associations, Local Authorities and sawmillers and wood-based 
panels manufacturers. Detailed results are presented in section 5.1 of the Results and 
Discussion Chapter, but the broad-brush results are needed here to describe the 
intended audience in terms of developing the content of the environmental 
performance documentation. 
The results of the questionnaire showed that environmental performance was regarded 
as important but mainly because regulations demanded its consideration. The 
understanding of environmental issues was generally poor with the issues given 
greatest importance being those strongly regulated or dominant in the media. Hardly 
any companies used LCA-based information in their decision making processes. It may 
be that the information they used was based on LCA but they were not aware of it. 
Architects and specifiers get their material information from a variety of sources. 
Mechanical and design details are often gathered from tables or charts presenting the 
performance of different materials for specific properties. There are several options for 
architects and specifiers to get their environmental performance information with BRE's 
Green Guides to Specification being widely used. As set out in the Literature Review 
(introduction to section 2.3), the Green Guides present environmental performance for 
a wide range of building elements according to a ranked ABC scale, where A has the 
lowest environmental damage. Ranks are given for the different environmental 
categories examined by the BRE method (see section 3.1.3) and an overall, summary 
A, B or C ranking is calculated using the weightings presented in Table 3.6. It is this 
overall, weighted, summary ranking that most architects and specifiers use to decide 
which construction solution they will use in their project. The ABC rating system 
provides a lot of meaning but little information. The dominance of the summary rating is 
compounded by the credits scheme of EcoHomes (a sustainability assessment tool for 
domestic developments), which awards credits where A-rated solutions are used for 
building elements such as external walls. The preference for a summary rating implies 
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that the users do not want to take an in-depth view of environmental performance that 
requires them making their own value judgements but would rather take one 
information point indicating importance as decided by people that they believe 
competent to assign that importance. 
ISO committee ISO/IC 59/SC3 produced a draft standard to address the need for 
environmental performance information for construction products: ISO/AWI 21930 
(2003): 'Buildings and constructed assets — Sustainability in building constructions —
Environmental declaration of building products'. The concept behind ISO/AWI 21930 
(2003) is that the manufacturers and consumers of construction products, and those 
designing with these products, are increasingly demanding information on 
environmental performance. They are then using this information to help them choose 
materials and services that minimise the negative environmental impacts of buildings 
and construction. ISO believes that the users of the environmental information are 
looking for non-biased information that is consistent with current best practice and 
knowledge. ISO is firmly against the concept of attaching importance to different 
aspects of environmental information using weighting schemes (i.e. the valuation stage 
of LCA) for comparative assertions. 
Draft 6A covered aspects of methodology for deriving the environmental performance 
data, the scope of the information declared and what was to be declared. The 
information to be declared covered: 
1. General 
o Name of the product 
o Manufacturer 
o Place of manufacture 
o Other information 
o Product description, intended use (technical performance) 
o Functional unit and boundary assumptions 
• Expected service life 
• Disposal/re-use 
• Return arrangement 
• Maintenance 
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• Accessories 
2. Information on data quality 
o Scope of declaration of raw materials 
3. Results 
o Use of resources 
o Use of resources for all phases of the life cycle, with the possible exception of 
the use phase 
• Total energy consumption 
• Consumption of electricity 
• Consumption of fossil energy (process) 
• Consumption of bio-energy (process) 
• Feedstock energy (fossil) 
• Feedstock energy (bio) 
• Other energy 
• Transport energy 
• Non-renewable materials 
• Recycled materials 
• List of hazardous substances 
o Category indicators 
• Global warming 
• Ozone depletion 
• Acidification 
• Formation of photo-oxidants 
• Eutrophication 
• Human toxicity°  
• Ecotoxicity°  
o End of life management 
• Re-use/recycling 
° ISO 21930 (2008) no longer contains Human Toxicity and Ecotoxicity as indicators. 
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• Energy recovery 
• Waste to deposit 
• Hazardous waste 
o Human health and comfort (use phase) 
• Emissions of TVOC (total volatile organic compounds) 
• Emissions of formaldehyde 
• Emissions of ammonia 
• Emissions of carcinogenic compounds 
• Category of classification 
• Indoor relevant time value 
o A statement that the declaration has been carried out in accordance with all the 
requirements of ISO/AWI 21930 
Following this schedule provides the user with a lot of information but no meaning 
unless they have a full understanding of the background to LCA. It may be that 
architects and specifiers in countries such as Sweden (which has been leading the 
development of the EPD procedure) have the necessary background knowledge to 
expertly interpret such information in a timeframe that makes it useful and relevant to 
their decisions on what materials to choose and what design solution to develop. 
However, in the UK architects and specifiers do not generally have the background 
information essential to making decisions based on this type of information. These 
construction professionals also tend to have limited time available to gain such 
knowledge even if the desire to obtain it exists. 
Roth (1992) defined environmental literacy as the capacity to perceive and interpret the 
relative health of environmental systems, and take appropriate action to maintain, 
restore or improve the health of those systems. Roth proposed three levels of 
environmental literacy: 
• Nominal — recognise many of the basic terms used in communicating about the 
environment, and can provide working definitions of their meanings. 
• Functional — a broader knowledge and understanding of the interactions between 
human social systems and other natural systems. 
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• Operational — a wide and deep understanding of the area and associated skills. 
Most construction professionals demonstrated nominal environmental literacy, with 
LCA practitioners demonstrating either functional or operational level literacy. 
The needs of the UK construction professionals' audience for meaning without 
information overload were at odds with the demands of the ISO EPD draft for 
information without ascribed meaning. Since my objective was to provide the 
information to my audience in a way that allowed them to use it quickly and clearly, it 
was decided to make sure that the environmental performance documentation 
presented facts, interpreted these facts for the UK situation, and provided background 
information to explain the approach, the issues examined and the context of the 
method. 
To ensure that the information could be used to make a decision between two 
comparable products, documentation was needed for two products. To avoid being 
company specific, generic product profiles were used. To carry forward the timber 
information gathered in the first phase of this PhD, one EPD presented the 
environmental performance of 1 m2 of timber frame external wall and the other EPD 
presented the environmental performance of 1 m2 of brick and dense block external 
wall. The documentation initially contained three parts: Part 1 factual information 
covering most of the aspects required by the ISO draft; Part 2 interpreting the facts of 
Part 1 in the UK context (including the relative importance of the product addressed in 
a 'typical' building and the element's Green Guide rating), and Part 3 containing 
reference material on LCA and the impact categories evaluated. A pilot test showed 
that this produced a document of an off-putting size — 	I have to read all of that? 
Twice?' Consequently, the documentation was prepared as two parts: 1. the EPD 
containing Parts 1 and 2 (8 pages long), and 2. Supporting Information (18 pages 
long). The EPD emphasised that the Supporting Information was provided for 
reference, and need only be used when required. 
In information design terms, the EPD faces several obstacles to its success. These 
obstacles include: that there is no obvious 'message' to impart (the requirements of 
ISO 14042 preclude the use of weighted information as part of comparative assertions 
made publicly available); the audience embraced a wide range of people at all points of 
the user curves; the users often have little or no prior knowledge of the issues being 
addressed or the method being used to produce the information; the EPD is a new 
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document type for most users and represents a new schemata for most; most users 
want to know the 'answer' without having to know what the questions were. 
The EPD structure, therefore, needed to set out who the document was for, what the 
document was intended to do, what was being assessed and why the information 
presented needed to be considered. The Supporting Information was structured to 
move from broad descriptions through to detailed information; explained life cycle 
thinking, before setting out the basics for LCA and providing detailed explanations of 
each impact category and how the impact categories interact. 
This structure followed the principles advocated by Coe (1996) for documents aimed at 
a broad audience since it: 
o Contained stand-alone, random-access modules of information with plenty of 
graphics, and defined terminology. 
o Separated information on concepts, data and reference material. 
o Covered the main information needed in the EPD, and provided supporting detail in 
a separate document. 
The provision of a separate Supporting Information document conflicts with the 
assertion of Pettersson (2002) that appendices are seldom read. However, Drew and 
Grimes (1985) found that background information is needed to fully understand any 
text. Readily available explanatory information can make a text understandable, as 
opposed to information without any easily accessible references. According to Brown 
and Bookman (1997) all documents face the following challenges: 
o Does the audience truly know the meaning of all terminology used in any specific 
field? 
o Does everyone reading the documents have precisely the same command of the 
language? 
o How quickly can readers assimilate, and actually use the information they are 
given? 
o Does all of the publication's intended audience have the same background, or do 
some people need a little help before they see the whole picture? 
o How certain is it that everyone a document reaches truly understands that 
document in the same way? 
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Consequently, the provision of separate Supporting Information seemed the most 
practical option for achieving the purposes of this phase of the study: to provide 
information, meaning and understanding of environmental performance without causing 
information overload. 
A further aspect that needed to be addressed by the structure and content of the EPD 
and the Supporting, Information was that of credibility. Pettersson (2002) regarded 
credibility as being an important factor influencing whether the information in a 
document would be used by its intended audience. His view was that perceptions of 
credibility are based on four components: 1. the sender or the source of the information 
2. the message, 3. the medium, and 4. the specific context for the sender and for the 
representation. 
The sender's credibility depends on the receiver's perception of the sender's expertise 
and trustworthiness. The message's credibility relies on it being understandable and 
factually correct. The medium's credibility comes largely from its legibility. The context 
of the message is important in terms of where it appears, for example, textbooks have 
high credibility. Fortunately, the questionnaire results indicated that architects and 
specifiers attribute high credibility and trustworthiness to BRE's environmental 
performance information. The structure of the EPD and Supporting Information was 
intended to build upon this credibility. The steps taken to ensure the medium's 
credibility are set out in the following section, which covers how the material was 
presented to achieve greatest advantage from information design principles. 
Delivering the information 
There are three components to delivering information: firstly, the medium of delivery; 
secondly, the navigational infrastructure, and thirdly, the presentation of the 
information. Once the medium has been decided, then the relevant navigational 
infrastructure can be developed, and the information presented in the most appropriate 
style and layout. 
There are two main choices of medium: hardcopy or on-line. For the EPD and 
Supporting Documentation developed in this phase of the PhD, either route could have 
been taken. An on-line format could have been developed that allowed the user to call 
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up reference information via hypertext links. However, it would be more difficult to use 
an on-line system to directly compare the EPDs for two different products, whereas in 
hardcopy format the relevant pages can be placed next to each other. It is also true 
that most users are very familiar with hardcopy documents and know how to navigate 
around them (Coe, 1996). Navigational schemata are generally less well developed for 
on-line systems and structural clues that can be used with hardcopy, such as the 
ordering of the pages, and the use of running headers and footers, do not apply — it is 
easy to get lost in hyperspace. Because the objective of the EPD developed here was 
to allow construction professionals to choose between two products, it was decided to 
produce the documentation in a hardcopy format. A hardcopy format also had the 
advantage of being easier to test and less expensive to produce. 
The EPD and Supporting Information were produced using the hardcopy clues of a 
table of contents, page ordering so that the reader moved from broad to more detailed 
information, section linked footers, and colour and pattern grouped page borders. 
Presentation addresses how the information looks on the page. Presentation has two 
main components: the layout (the physical arrangement of the text and graphics on the 
page), and the fonts (the shapes, point size and emphases of the text used to 
communicate the information). The presentation of the EPD and Supporting 
Information was developed using the assertions of Coe (1996) that: 
• In the West, our most natural eye movement is from the upper left corner (primary 
optical area) to the lower right corner (terminal anchor) of a page. 
• Our attention is attracted by graphical elements, such as icons, white space, tables, 
photos, line art, charts, and drop capitals. Text with a generous amount of white 
space is rated as 'easier' and 'more interesting' than text that has a more solid 
appearance (Pettersson, 2002). 
• Hierarchical headers are best shown by white space, font, position, descending 
point size (and sometimes font family), and descending numbers. Headings should 
attract the attention of the readers, tell them what to expect in the text and show the 
relative importance of sections. Headings on different hierarchical levels provide 
readers with reference points and help them organise information cognitively for 
better retention and recall. 
• We process images with the right side of our brain and text with the left side. But 
there is a visual cross-over in how the brain processes what we see. The left side of 
the brain processes data from the right visual field and the right side of the brain 
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processes data from the left visual field. This means that the most efficient place to 
position graphics is in the users' left visual field. 
• A picture should be placed as close as possible to the text it complements and 
reinforces (Braden 1985; Benson 1985; Pettersson 1989). 
• Pictures need anchoring to avoid misinterpretation. A picture legend can be used to 
describe the picture and guide the reader to the interpretation that the information 
designer intends. 
• Pictures should have limited text in them. Use text placed close to a picture to tell 
the reader or viewer what they should see and learn from the illustration. 
• Our perceptual processes, which drive us to: 
o Search for wholes and try to make wholes of parts 
o Group things that are close together 
o Seek continuous patterns instead of discontinuous patterns 
o Group objects that are similar 
o Prefer symmetry to asymmetry 
o Always opt for the simplest interpretation 
• Our sensory mechanisms that filter data according to thresholds, the cocktail-party 
effect and sensory adaptation. 
Layout is also important because people interpret the layout before they begin the 
cognitive tasks of reading, remembering and understanding the content of the 
information; if the layout is confusing, they will spend too much effort on understanding 
it rather than the information it is presenting. 
Glynn, Britton and Tillman (1985) reviewed studies on the effect on learning of using 
bold, italics and underlining ('typographic cuing') to signal the important ideas in a text. 
They found that typographic cuing attracts attention to the cued material: cued ideas 
are more likely to be remembered than uncued ideas. 
Levie and Lentz (1982) and Levin and Lesgold (1978) found that information is best 
learnt and remembered when pictures are combined with texts Pettersson (2002) 
contends that both the text and the pictures must be easy to read, and that they must 
complement and reinforce each other. He also contends that conveying the same 
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information with text and pictures (redundancy) facilitates information processing, 
reduces error and information loss, and increases the amount of information that 
learners can recall. Pettersson also points out that users at different points on the user 
curves respond differently to the form of an image; with learners often learning 
optimally from simple line drawings, and those familiar with the field learning optimally 
from more realistic illustrations, e.g. photographs. He recommends that visuals for 
information should be attractive and 'unambiguous': visuals that are attractive and that 
people like also have greater impact. 
Allmendinger (1998) argued that people use the same high level skills when they read 
diagrams as when they read prose. Reading diagrams involved perception, subject 
knowledge, narrative, motivation and bias, as well as social consensus. Diagrams are 
visual models representing data. Diagrams use point, line, plane, volume, value, colour 
and texture, to represent something in the real world. Allmendinger pointed out that 
relationships between visual elements in a diagram mirror relationships between actual 
objects in the real world. Allmendinger deemed diagrammatic literacy as a matter of 
getting people to make better decisions based on fairly sophisticated graphics 
information. 
Coll, Coll and Thakur (1994) compared graphs with tables. They found that business 
students performed more accurately with tables and engineering students more 
accurately with graphs. The business students were faster and more accurate than the 
engineering students. However, both groups preferred tables but it is not clear what 
they were being asked to do with the information. In an Australian study, Lowe (1993) 
found that experts and novices use different mental strategies when they read 
diagrams. The experts base their interpretations on underlying principles and subject-
based categories. Beginners rely more on visual patterns in the diagrams. 
Fleming and Levie (1978, 1993) and Sinatra (1986) found that visuals are perceived 
much more rapidly and readily than text. Pictures often provide a much better overview 
and understanding of a subject than words do. Visuals are very good for showing 
things such as spatial orientation, and time and magnitude relationships. Pettersson 
(2002) states that pictures are often used for content that is important, hard to 
understand and new to readers. He points out that the effectiveness of a visual 
depends on the medium used, the type of information presented, and the amount of 
time learners have to interact with the image. Pettersson also points out that if too 
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many pictures are used, they stop being engaging motivators and become engaging 
distractors, they also run the risk of being ignored. 
Care needs to be taken in the preparation of pictures. People tend to be very 
comfortable with line drawings; it is our instinctive way to draw. We also find it easier to 
distinguish between lines than between areas or volumes. Pettersson (2002) states 
that when we judge the size of objects, e.g. by their areas, we seem to be most 
influenced by the length of horizontal lines or horizontal distances. People tend to 
underestimate the difference in size of circles, squares, triangles, ellipses and other 
two-dimensional symbols. 'Size consistency' is used to describe our tendency to judge 
an object as the same size despite changes in distance, viewing angle and lighting. 
Our perception of size is influenced by colour and grey-scale. We perceive open and 
light forms as bigger than closed and darker forms. This means that the shape, colour 
and size of a visual needs to fit with the intended message. 
For groups of pictures, if one picture is larger than the others, we give it the most 
attention. Visuals work best when the most important part of the subject is large and 
clear, takes up most of the image area, and is clearly an entirety. 
Both Coe (1996) and Pettersson (2002) advocate using only a limited number of fonts 
to avoid sensory adaptation. Coe recommends three fonts, where a font = family (e.g. 
Arial) + point size (e.g. 12 point) + emphasis (e.g. bold), and using them carefully to 
differentiate between headings, body text and running headers and footers. 
All of these devices were employed to try to present the information in the EPD and the 
Supporting Information in a way that aided the readers' potential to learn from them 
and to apply the information to their material selection problems. 
The two EPDs (timber frame external wall, and brick and block external wall), and the 
Supporting Information are presented in Annexe C. 
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3.2.3 Testing the communication format 
To determine how effective the Environmental Product Declaration communication 
format was for transferring environmental information to a wide audience, it was 
necessary to include a variety of test audiences in its assessment. 
Because it was important to know if the document helped with product selection, it was 
decided to adopt a 'Usability Testing' approach and produced two EPDs: one for a 
timber frame with brick outer leaf external wall and the other for a dense block with a 
brick outer leaf external wall. The EPDs used information from the BRE database on 
the environmental profiles for both external walls based on a 60-year life. It was felt to 
be important to present the results for a whole life to demonstrate to the information 
users that it was not enough to look at environmental performance in the life cycle 
stages that they were directly responsible for. 
It was also decided to use a 'review' approach for assessing the EPD with members of 
the ISO committees on the grounds that they were already familiar with the concepts 
and needs, so their views on the contents judged important and their presentation were 
the main responses to obtain. 
The test audiences were drawn from: 
O Those with expertise in the timber field 
O Those with expertise in the LCA field, including members of ISO TC/207/SC3NVG4 
and ISO TC/59/SC17 (who developed the draft standard for EPDs for construction 
products), and PRESCO (EU Thematic Network on 'Practical Recommendations for 
Sustainable Construction') 
O Users of environmental information to select construction products, specifically 
those in the housing sector, since this is where timber frame is most likely to be 
used: 
■ Architects 
■ Local Authorities 
■ Housing Associations 
It was appreciated from the outset that getting people to review or test the EPD would 
be a challenge: people have many demands on their time and the subject area is 
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complex, both of which would lead to people being reluctant to participate unless they 
have prior knowledge or a genuine interest in environmental issues. A range of 
approaches was adopted to increase the likelihood for receiving responses. These 
approaches were: 
O Postal and e-mail distribution of EPD test package to timber experts and LCA 
experts drawn from personal contacts and those of my colleagues and supervisor. 
O Attending a Steering Group meeting of the Building Research Housing Group 
(BRHG); this group includes Local Authorities and Housing Associations. The test 
package was given to the delegates and feedback was received on the immediate 
impressions generated by it. 
O Distributing the EPD test package at BRHG events. 
O Getting the EPD package included as part of a workshop on LCA and Whole Life 
Costing. 
O Testing with colleagues in BRE's Centre for Timber Technology followed by face-to-
face meeting to discuss approach, results and their implications for improving the 
approach. 
Follow-up prompts were sent to as many recipients of the document as possible but 
response rates were best where face-to-face involvement was possible or where the 
contacts were known to me or my colleagues. 
The usability testing was designed using the principles set out by Coe (1996). It tested 
three things: 
1. Finding the information. To do this, users have to: 
• understand what they are looking for; 
• employ an information schema that they have, modify an existing scheme or 
create a new schema; 
• recognise the information when they find it. 
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2. Understanding the information. To achieve this, users need to: 
• understand the medium, navigation, presentation and content of the 
information; 
• use their cognitive processes of sensation, perception, learning, memory and 
reading. 
3. Successfully using the information. For this, users must: 
• design and carry out one or more appropriate action structures; 
• store new or modified schemata based on these action structures. 
The questionnaire for the usability testing of the EPD and Supporting Information is 
presented in the next section. The questionnaires for reviewing the two documents are 
presented in Annexe D. 
3.3 Key points on method development 
1. The choice of allocation method for apportioning the inputs and outputs of a multi-
purpose system can strongly influence the results. This study used mass to allocate 
the CO2 taken up by trees to produce timber to offset the Climate Change impacts 
of the timber. All other inputs and outputs were allocated to the timber and co-
products according to their value; since this reflects the reasons for the process 
taking place at all. 
2. The environmental performance information produced by this study used the BRE 
environmental profiling method because the BRE method is in accord with ISO 
14040's principles and is tailored to the UK situation. The BRE environmental 
profiling method also produces information that is taken up by other environmental 
assessment tools, such as BREEAM (a scheme that looks at the sustainability of 
commercial and residential developments) and Envest (environmental design 
software). Using the BRE method to calculate the environmental performance of 
UK sawn timber products, therefore, ensured that this information had access to the 
widest audience possible, rather than remaining in a one-off report. 
3. The subjectivity of the weightings that might be used in the valuation step could 
give rise to different interpretations by different interest groups from the same set of 
results. International and national policies and regulations provide information on 
how different environmental issues are being viewed and prioritised in political, 
economic and social terms. The BRE weighting scheme was derived from the 
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views of a wide cross-section of interested parties involved in the UK construction 
sector (from material manufacturers to NGOs and academics). It also reflects the 
importance attached to particular issues by UK national policies. These are the 
reasons why this weighting scheme was adopted for the profiles produced by this 
study. 
4. Assessment of the UK sawmilling industry needed to cover the interactions 
between sawmills and panel factories. 
5. The mass balance checks for sawmills will be influenced by the factors of varying 
moisture content and wood density. However, they should be able to indicate if any 
amounts of material inputs have been overlooked. 
6. Much of the timber used in the UK is imported and this has implications for its 
environmental performance as the amount of transport will increase its 
contributions to many of the impact categories, and the practices and technologies 
of the producing countries may be very different from our own. 
7. Care will be needed when comparing the environmental performance results of this 
study with those from other studies, particularly in the areas of study boundaries, 
allocation methods used and impact categories assessed. 
8. Questionnaires are powerful tools for quickly gathering data from a wide range of 
people but the responses can be biased and must be interpreted with care. 
9. Designing a document to give information to a broad audience is extremely difficult; 
particularly if the information to be transmitted is in an area that the readers are not 
strongly motivated to address. To provide the background that gives the information 
meaning is even more demanding. 
10. There is little point in producing large quantities of complex environmental 
information if the intended audience is unable (or unwilling) to use it. 
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This Chapter presents the results from the cradle-to-gate LCA study for UK-grown 
softwood timber and discusses the sources of environmental impacts for the sawn, 
kilned, treated, and kilned and treated products. This Chapter first looks at the inputs 
and outputs for all 15 mills and the issues involved in carrying out mass balance 
checks for sawmills before moving on to present the gate-to-gate environmental 
impacts of sawing, kilning and treating timber. The impacts associated with forestry 
(derived by Bill Hillier, Imperial College) are then presented and added to the gate-to-
gate timber profiles, along with the upstream impacts of other materials coming into the 
process, to give cradle-to-gate profiles. Whilst the LCA study did not cover a whole life, 
it is important to consider the end of life impacts for timber; environmental impacts of 
disposal are compared with those of the cradle-to-gate profiles in the last part of this 
section. 
4.1 Mill inputs and outputs 
Figure 4.1 sets out a generic process flow diagram for a sawmill with sawing, kilning 
and treatment sub-processes. 
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Figure 4-1. Generic process flow diagram for sawmilling 
This process flow diagram was used to identify the inputs and outputs to the process. 
The diagram was also used to set up the data form for sawmills, included as Annexe 
A.2. 
Table 4.1 below shows the products made at each of the 15 mills assessed. 
Table 4-1. Product mix for each mill. 
Mill 
Output 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Sawn only 
Kilned 
Treated 
Kilned and 
treated 
Bark 
Chips 
Dust 
Other 
Table 4.1 shows that all mills produced sawn timber, chips, dust and other residues, 
that 10 mills kilned some of the sawn timber, 9 mills preservative treated the sawn 
timber and 5 mills kilned some of the sawn timber before treating it. Mills 3 and 15 
appear not to have produced any bark. This is due to mill 15 having a bark plant on 
site; all bark is passed from the log yard straight to the bark plant and no record of the 
amount is kept by the sawmill and log weight is recorded underbark. For Mill 3 no bark 
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figure is recorded because the logs are measured underbark and records of bark 
production were not kept. 
The sawmills were from various locations in northern England, throughout Scotland, 
Northern Ireland and mid- and south Wales. The mills ranged in size from large and 
highly-automated mills through to small and more manual outfits. 
Figure 4.2 shows the total amounts of log input and product output at each mill. 
Input & output for each mill 
4 
3 	  
2 
0 	50000 	100000 	150000 	200000 	250000 	300000 	350000 
tonnes 
[!_ logs O total production 
Figure 4-2. Amounts of timber material input and output for each of the fifteen sawmills. 
These results show that the mills assessed covered a range of production scales. The 
results also indicate that 11 of the mills appear to be producing more product than the 
amount of log they take in. Two mills produced as much product as the amount of log 
consumed and two mills consumed more log than the amount of product they 
produced. The general state of output appearing to be greater than input indicates that 
there is something amiss with the data or the way it has been transformed. This will be 
examined further in section 4.1.1 on mass balance. 
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Figure 4.3 shows the amounts of sawn timber and co-product for each mill. 
Figure 4-3. The amounts of sawn timber and co-product produced at each mill. 
These results indicate that the output from most mills is around 50% solid timber and 
50% co-products. This implies that the scale of the sawmilling operation did not affect 
the recovery efficiency. However, it might be that there were differences in log intake 
(size or shape) that mask any potential improvements in conversion efficiency from the 
larger, more technology intensive mills. 
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Figure 4.4 gives the amounts of each type of product at each mill. 
Figure 4-4. The amounts of sawn timber and specific co-products produced at each mill. 
These results show that whilst all 15 mills produced sawn timber, only 10 of these 
produced kilned timber, 9 produced treated timber, and 5 mills produced kilned and 
treated timber. 
The next section investigates the mass balance for each mill, to check that all inputs 
and outputs had been correctly identified and represented. 
4.1.1 Mass balance 
Table 4.2, overleaf, sets out the mass balance for each mill; the mass of preservative is 
not included in the treated timber because the output measured in m3 has been 
converted into wet tonne equivalents. The table also shows the mass conversion 
factors for processing logs into solid timber and co-products. 
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Table 4-2. Mass balance for timber materials at each mill (wet tonnes). 
Mill 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Input logs 100000 40000 92000 23000 80000 18000 277076 160000 165083 85006 87722 234643 65050 180000 182639 
O
ut
pu
t 
sawn 
only 51000 18000 17000 13000 16000 8000 105355 46041 69038 29177 34677 21094 23500 58000 58627 
kilned 35000 30000 45697 32958 18552 9574 26670 12500 39000 39085 
treated 
kilned 
and 
11000 6000 4500 16271 10187 11471 9264 13722 27874 
treated 7950 4794 1300 1932 2510 
bark 7100 2000 4500 4500 1300 15199 8000 12386 3969 6888 10996 2500 4500 
chips 37000 14000 36000 7500 29000 6700 93857 60000 46619 33297 38192 94954 27700 51500 70316 
dust 
other 
9800 4600 7500 2500 7700 2800 31835 14000 17859 4472 8063 21987 5200 12000 14611 
residue 887 1700 1145 500 1500 7 434 12000 12091 710 7596 
total 
output 116787 40300 107145 28000 88700 18807 316598 187980 189316 92395 101542 213681 71400 165000 182639 
Output °PIIP 1.17 1.01 1.16 1.22 1.11 1.04 1.14 1.17 1.15 1.09 1.16 a91 t10 0.92 1.00 
Input + or - 17% 1% 16% 22% 11% 4% 14% 17% 15% 9% 16% -9% 10% -8% 0% 
C
on
ve
rs
io
n  
ef
fic
ie
nc
y  
fa
c t
o
rs
  solid 
timber 53% 45% 54% 63% 52% 43% 55% 50% 53% 54% 48% 37% 50% 59% 54% 
bark 6% 5% 4% 0% 5% 7% 5% 4% 7% 4% 7% 5% 4% 3% 0% 
chips 32% 35% 34% 27% 33% 36% 30% 32% 25% 36% 38% 44% 39% 31% 38% 
dust 8% 11% 7% 9% 9% 15% 10% 7% 9% 5% 8% 10% 7% 7% 8% 
other 
residue 1% 4% 1% 2% 2% 0% 0% 6% 6% 1% 0% 4% 0% 0% 0% 
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Figure 4.5 illustrates the mass conversion factors graphically, to show the variation in 
conversion efficiency at each mill. 
Outputs for each mill: proportions of sawn timber & co-products 
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Figure 4-5. Proportions of sawn timber and co-products for each mill showing the variation 
in conversion efficiency. 
These results show that the mills varied in the efficiency with which they converted logs 
into timber, with the conversion ranging from 34% to 63% (51% on average with a 
standard deviation, SD, of 6%). The largest category of co-product was chips, which was 
34% on average, SD = 5%. 
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Figure 4.6 presents the percentage variation in outputs relative to inputs at each mill 
compared to a complete balance of inputs and outputs (i.e. where inputs/outputs = 1). 
Figure 4-6. Variation in output relative to input for each mill. 
The figure shows that 6 mills were within ±10% for their mass balance but 10 mills were 
out by between 11 and 22%. The average discrepancy was 9%, with a standard deviation 
of 9%. There was no mode and the medianq value was 11%. Mill 15 achieved a perfect 
balance because they didn't have a complete data set and the proportions of co-products 
were calculated based on the conversion factors they supplied for logs into sawn product 
and co-products. 
All data was checked to make sure that it was correctly entered from each mill's data form. 
No errors were found and discussions with the mills indicated that the data supplied was 
the best data that they had, with no inputs or outputs missing. This indicated that the most 
likely source of the mass discrepancy was moisture content. 
Each mill was asked to supply information on the moisture content of the logs, sawn timber 
products and co-products. The results are presented in Table 4.3 below along with further 
P Most frequently occurring value. 
q Middle value of ordered data. 
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information from studies done by Mill 3 on the moisture content of their co-products at 
different times of the year and 'typical' values obtained from consultation with colleagues in 
the Centre for Timber Technology and Construction working in sawmilling and treatment. 
Table 4-3. Moisture contents of timber inputs and outputs. 
mill 
average 
mill 3 
summer 
mill 3 
winter 'typical' 3 7 13 14 
log 80% 70% 75% 
80% 
(75-220%) 
sawn only 70% 50% 60% 
80% 
(13-145% 
kilned 20% 20% 18% 19% 
20% 
18-22% 
treated 40% 
kilned and 
treated 22% 
bark 70% 60% 80% 70% 70% 71% 207% 70% 
chips 130% 60% 80% 70% 85% 129% 167% 85% 
dust 125% 60% 80% 80% 86% 122% 131% 86% 
These results show that the moisture content varied considerably. For the logs, moisture 
content will be influenced by the time taken to get the log from the forest to the sawmill 
(though if the bark remains on the log, this time is less critical because the bark helps 
prevent moisture content changes) and the time of year. For the sawn timber products, the 
moisture content will relate to the moisture content of the logs, the kilning schedule used 
and the preservation treatment schedule and equipment used. The moisture content of the 
co-products is most influenced by the time of year, geographical location of the sawmill 
(reflecting local rainfall) and the storage facilities at the sawmill. 
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Table 4.4 sets out the implications of the different moisture contents obtained for the 
results from Mill 3. 
Table 4-4. Influence of moisture content assumptions on the dry mass balance of Mill 3 
dry weight water 
reported 
figures summer winter 
using 
avg mc summer winter 
using 
avg mc 
logs 92,000 63,448 26,286 52,571 28,552 65,714 39,429 
sawn 17,000 14,407 10,000 10,625 2,593 7,000 6,375 
kilned 35,000 29,661 28,689 29,330 5,339 6,311 5,670 
treated 6,000 50,845 4,286 4,918 915 1,714 1,082 
bark 4,500 2,632 1,465 21,176 1,868 3,035 -16,676 
chips 36,000 15,687 13,463 4,054 20,313 22,537 31,946 
dust 7,500 3,385 3,253 615 4,115 4,247 6,885 
other 1,145 494 374 615 651 771 530 
total OP 
total 
water 
107,145 71,351 61,529 71,333 35,794 
64,346 
45,616 
111,330 
35,812 
75,241 
OP/1P 1.16 1.12 2.34 1.36 
The variation in the OP/IP results indicate that there is little if any benefit in attempting to 
convert the data given by the mill to a dry mass basis using point moisture content from 
the summer or winter, or even an average of these points, in order to check the process' 
mass balance. The key reason why mass balance is done is to check for missing inputs or 
outputs; for sawmills, it is important to understand what is coming in and out and whether 
the data available adequately reflects the process being studied. 
To further assess the implications of assuming particular moisture contents on the mass 
balance of sawmilling, the potential for moisture content variation in freshly sawn timber 
was examined. BRE has carried out a large amount of research into the kilning of UK-
grown Sitka spruce to develop methods that give timber with as little, cup, bow or twist as 
possible. Developing appropriate kilning schedules demands good knowledge of the range 
of moisture contents likely to be present in the sawn timber before it is kilned. 
Consequently, BRE has assessed the moisture content of freshly sawn timber at various 
sawmills and at different times of the year. These results were used to evaluate the 
moisture content variation in Sitka spruce being processed at a range of mills at different 
times of the year. 
Results for seven months (60 samples per month) are summarised in Table 4.5 below. 
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Table 4-5 Mean and standard deviation for moisture content samples of Sitka spruce from a 
range of mills at different times of the year. 
Aug-02 Oct-02 Nov-02 Feb-03 May-03 Jun-03 Oct-03 
mean 75% 70% 76% 96% 77% 65% 75% 
standard 
deviation 36% 18% 20% 41% 43% 23% 31% 
The results are illustrated in Figure 4.7, which presents the mean moisture content for 
each month sampled, along with the bounds for 95% of the population. 
Figure 4-7. Mean moisture content for each month. The bars represent the bounds for 95% of 
the moisture contents measured. 
These results show moisture content varied according to the time of year; they also show 
that there was considerable variation in moisture content recorded at any time of year. 
This implies that using an 'average' value of moisture content for the year to determine a 
dry mass balance is likely to prove fruitless. 
Since the purpose of this exercise was to see if taking a point value for moisture content 
was valid, it is necessary to determine if there was any statistical difference between the 
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mean moisture contents recorded. Analysis of variance (ANOVA) is an ideal tool to 
determine if there is a difference between the means from multiple samples. However, 
ANOVA is only appropriate if the means are from samples with equal variance. The 
variances for the 7 months were assessed to see if this criterion was met. This is done by 
a form of F test (Townend, 2002), which compares the ratio of the highest variance to the 
lowest variance with the value of Fmax (Fmax having degrees of freedom of g and n-1, where 
g is the number of months and n is the number of samples per month). The highest 
variance was 0.193 and the lowest was 0.029, giving a ratio of 6.61, Fmax for 7, 59 degrees 
of freedom is 2.17 (BTO, undated). This demonstrated that the samples did not have equal 
variance, and so ANOVA could not be performed on the data. It is possible to transform 
data using logarithms to reduce the variation. This was done but still resulted in a ratio for 
the highest variance to the lowest variance of greater than 2.17. The months of February, 
June and October 2003 were selected for further analysis of the transformed data, since 
they covered the highest and lowest moisture contents and the variance of the samples fell 
within the desired bounds for ANOVA to be valid. Table 4.6 presents the results of the 
ANOVA analysis. 
Table 4-6. ANOVA for Logic, transformed moisture contents from February, June and October 
2003. 
Source of 
Variation 	SS 	df 	MS 	F 	P-value 	F crit  
Between 
Groups 	0.847232 	2 0.423616 18.19051 6.54E-08 3.047006 
Within Groups 4.121929 	177 0.023288 
Total 	 4.969161 	179 
These results indicate that the transformed means were highly significantly different from 
each other (p < 0.001, ***). 
The implications of this assessment of the potential effects of moisture content on the 
process' mass balance are that it is unhelpful to use point values of moisture content to 
investigate mass balance. Consequently, it was decided to calculate the mass balances 
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as described in section 3.1.5.2, and the environmental profiles for a cubic metre of each 
product using the inputs and outputs to the process assessed in the units they were 
measured in by the sawmill, e.g. green tonnes for logs, and tonnes for bark, chips and 
dust. 
This does not mean that the results are ideal, indeed there are implications for the 'per 
tonne' environmental profiles calculated based on a weighted average density. However, 
this seemed the most practical way forward that didn't add any further assumptions (with 
associated errors that were difficult to assess) to the data received. 
4.2 	Environmental profiles of sawn timber products 
As shown in section 4.1, sawmills are multi-output processes, giving a range of sawn 
timber products and co-products, it was, therefore, necessary to establish mass factors for 
the sawn products. 
1 tonne of output from the process includes sawn timber products plus co-products. 
Consequently, the issue of allocation arises in calculating the environmental profile of the 
sawn products. The BRE methodology for allocation is set out in section 3.1.3.1. Since the 
primary purpose of UK sawmilling is to produce sawn timber not co-products, it was 
decided that allocation by both mass and value was appropriate in this study. 
Table 4.7 sets out the allocation factors for the different sawn timber products at each mill 
for both mass (taken from Table 4.2) and value. 
Table 4-7. Mass and value allocation factors for each mill. 
Allocation factor 
Mill mass value 
1 0.531 0.890 
2 0.447 0.854 
3 0.541 0.908 
4 0.625 0.928 
5 0.519 0.894 .  
6 0.425 0.840 
7 0.554 0.882 
8 0.500 0.849 
9 0.530 0.835 
10 0.541 0.903 
4.2 Environmental profiles of sawn timber products 	 159 
4 	Evaluation - Results and discussion (UK-grown softwood) 
Allocation factor 
Mill mass value 
11 0.477 0.835 
12 0.366 0.917 
13 0.504 0.863 
14 0.588 0.909 
15 0.535 0.904 
The figures in Table 4.7 show that on average, to produce 1 m3 of sawn timber (since the 
mass factors are on the basis of wet tonne equivalents) requires around 2 green tonnes of 
log (with a range of 1.6 and 2.7 green tonnes). However, the average value represented 
by that 1 m3 of sawn timber is only 88% of the total value of the process (ranging from 83 
to 93% of total process value). The environmental impact for each sawn product was 
calculated for each mill using the mass and value allocation factors from Table 4.7. The 
inputs directly associated with kilning and treating are generally easily separated from 
those for sawing (kilns predominantly run on Natural Gas and preservation plants often 
have a separate electricity supply), and allocation can be done purely by mass for these 
products. 
Environmental profiles were produced for both 1 m3 and 1 tonne of each sawn product. 1 
m3 results were derived to present the information to the sawmilling sector, this being the 
product unit they are familiar with. 1 tonne results were needed to allow the timber 
information to be taken forward into BRE's database and provide data for LCAs of timber-
based building elements, such as walls, floors and roofs. 
The following sections set out the environmental profiles derived for the sawn products in 
the following sequence: 
1. impacts of sawing, kilning and treating timber 
2. impacts of forestry carried in the log input to the sawmilling process 
3. impacts of sawn, kilned, treated, and kilned and treated timber. 
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4.2.1 Environmental impacts of sawing, kilning and treating timber 
The results presented from this study are weighted averages calculated for each sawn 
product according to the relative production of each mill producing that product, i.e. if a 
product is made by three mills with Mill A producing 25% of the total assessed, Mill B 60% 
and Mill C 15%, then the environmental profile for that product will be calculated as 0.25 
Mill A + 0.60 Mill B + 0.15 Mill C. Whilst a weighted average is simple to calculate, no 
formula could be found to allow the calculation of a weighted variance or standard 
deviation. Thus, no measures of variation are presented for the environmental profiles of 
the UK-grown sawn softwood. 
Since the majority of published LCA results for timber have focused on the primary or 
embodied energy of the material, these are the results that will be presented first for the 
processes assessed in this study. Figure 4.9 gives the primary energy used in sawing, 
kilning, and treating 1 m3 of sawn timber (density at 12% me = 415.9 kg m-3). Figure 4.10 
gives the same information for 1 tonne of product. 
Figure 4-8. Primary energy needed to process 1 m3 of product. 
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Figure 4-9. Primary energy needed to process 1 tonne of product. 
Figure 4.9 indicates that 888 MJ of primary energy were needed to produce 1 m3 of sawn 
timber, 1,195 MJ to kiln 1 m3, and 60 MJ to treat 1 m3. The primary energy requirement for 
producing 1 m3 of sawn timber is almost twice the figure derived by Fruhwald et al. (1994) 
of 450 MJ for air-dried (unseasoned) timber. Richter (1993) presented results of 288 MJ 
for sawing 1 m3 of timber and 1,332 MJ for kilning 1 m3 of timber. Richter allocated all of 
the energy to the timber and assessed harvesting, transport to the mill, sawing (with a 
conversion efficiency of 62.5%) and drying. 
The sum of the primary energy for kilning and sawing from this study gives a total of 2,083 
MJ, which is close to the 2,160 MJ derived by Fruhwald et al. However, the results from 
this study did not include the primary energy carried by the log, which presumably is 
included in the study by Fruhwald et al. so direct comparison requires considerable 
caution. Furthermore, there is a multitude of reasons why the figures could differ, including 
differences in the boundaries, technologies, energy mix, transport and assumptions made 
(including the method chosen to allocate impacts to sawn timber and co-products) in the 
two studies. Unfortunately, these details could not be gleaned from Fruhwald et al.'s 
paper. 
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West et aL (1994) produced a figure of 2,600 MJ of embodied energy for UK-grown, sawn 
softwood. The paper does not say if the timber was kilned or not, however, the results 
published by FrOhwald et aL and derived in this work indicate that West et aL's figure was 
for kilned timber. If the results of this study are consistent with those of West et al., the 
implication is that the primary energy embodied in the log is roughly 500 MJ. Given that 
Friihwald et al. produced a figure of less than this for sawn timber, the indication is that 
either UK forestry has relatively high embodied energy requirements, that West et al. have 
over-estimated the embodied energy content of UK-grown, sawn softwood or that 
Fruhwald et al. allocated a considerable proportion of impacts to the co-products of 
forestry and sawmilling. 
Berg and Lindholm (2005) reported that around 200 MJ of energy were needed to produce 
1 m3 of log (standing under bark, s.u.b.) from Swedish forests and deliver it to the mill for 
processing. However, Berg and Lindholm do not state whether the forests they examined 
were naturally regenerating forests or plantations; natural regeneration occurs in much of 
Swedish forestry whereas the UK model is for plantation forests where the interventions 
will be higher than for natural regeneration forestry. It is possible that the embodied energy 
estimated by West et aL was too high, and that the cradle-to-mill gate embodied energy of 
UK sawn and kilned timber is about 2,300 MJ, which corresponds with the results of 
Fruhwald et aL; though this apparent agreement could be misleading because of the 
potential differences in approach and methodology outlined above. 
An Environmental Product Declaration (EPD) produced by a Swedish sawmill for 1 m3 of 
sawn, kilned pine timber (Mellanskog Industry AB, 1999) gives an energy consumption 
figure from cradle to sawmill customer of 2,125 MJ. The EPD states that the assessment 
covered forest to sawmill plus transport from the forest and to the customer. The 
assessment was done against the Swedish Environmental Management Council's MSR 
1998:1 but the EPD doesn't state if any allocation was done or if the forest was natural 
regeneration or plantation. 
Another Swedish EPD (Andersson, 1996) also presents results for 1 m3 of sawn timber. 
The EPD states that the data represents the average for 15 sawmills for data from 1994, 
though it doesn't say if this was a weighted average according to the production levels at 
each mill and it doesn't say how representative of Swedish production the results are. The 
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study is stated as covering forestry to sawmill gate (including transport from the forest to 
the mill and on-site at the mill). However, the EPD does not say whether the forest was 
natural regeneration or plantation, if any allocation method was used or whether the timber 
was kilned; a moisture content of 18% is quoted for the timber, which implies kilning but 
this is not explicitly stated. The results presented for 'resource use; energy' give a total of 
1,790 MJ for 1 m3 of timber. The EPD also includes a figure of 1.2 m3 of Roundwood being 
needed to produce 1 m3 of solid timber; this implies a conversion efficiency of 83%, which 
is remarkably high, particularly in comparison to the typical figure of 51% found for the UK 
mills studied in this PhD. 
The comparison of the UK results presented here with those from the German, Swiss and 
Swedish studies is fraught with difficulties but the general indications are that the figures 
are in the same order of magnitude. The sources of differences in results could be due to 
differences in methodology or aggregation of the data (e.g. 'sawing' in the UK could 
represent more sub-processes than included in either the German or Swiss studies) or 
reflect differences in the processing technologies used in the different countries. The 
results imply that UK forestry is more intensive than German, Swiss or Swedish forestry 
but this may also be a result of a greater degree of detail in the information gathering done 
for the UK study or the methodologies adopted, as well as a reflection of the more 
intensive activities associated with plantation forestry. 
Table 4.8 below presents the weighted average characterised results for the gate-to-gate 
environmental impacts of 1 m3 for each of the timber products. These environmental 
profiles are the total impacts in the individual environmental impact categories assessed 
by the BRE Environmental Profiles methodology. 
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Table 4-8. Characterised environmental impacts for 1m3 of each of the timber products -
gate-to-gate only. 
Impact categories Sawing Kilning Treating 
Kilning 
and 
treating 
Climate CC100 (kg 
Change CO2 eq.) 56 70 1.8 106 
Acid AD (kg SO2 
Deposition eq.) 0.30 0.27 0.18 0.49 
Ozone OD (kg CFC11 
Depletion eq.) 0 0 0 0 
Human 
Toxicity HT Air (kg tox.) 0.35 0.32 1.30 1.05 
Summer POCP (kg 
Smog ethene eq.) 0.0108 0.0156 0.0026 0.0245 
Human HT Water (kg 
Toxicity tox.) 0 0 6.2881E-10 2.9587E-10 
Ecotox. (m3 
Ecotoxicity tox.) 0 0 0.0108 0.0038 
Eutroph. (kg 
Eutrophication PO4 eq.) 0.0154 0.0159 0.0058 0.0237 
Fossil Fuel 
Depletion FFD (toe) 0.0176 0.0252 0.0021 0.0377 
Minerals 
Extraction ME (t) 0.0003 0.0001 0.0028 0.0016 
Water 
Extraction WE (I) 1.2998 2.2898 0.0676 5.0057 
Waste 
Disposal WD (t) 7.0753E-05 7.3715E-05 0 1.6240E-04 
Transport 
Pollution and 
Congestion TP&C (t.km) 113 23 20 72 
The results in Table 4.8 are all in different units and cannot be compared with each other. 
To allow such comparison, Figure 4.10 shows the gate-to-gate normalised environmental 
impacts for sawing, kilning, and treating 1 m3 of timber. 
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Figure 4-10. Normalised environmental profile of sawing, kilning, treating or kilning and 
treating 1 m3 of timber (weighted average). 
These results show that the environmental impacts of sawing, kilning, treating or kilning 
and treating 1m3 of timber were less than 6% of the annual impacts of 1 UK citizen. Kilning 
and treating timber had the largest level of impact, followed by sawing, then kilning and 
finally treating. The impacts of kilning and treating are slightly larger than the total from 
adding kilning to treating. This is because the kilning and treating profile is a weighted 
average from the profiles of the mills that actually kilned and treated timber. 
Figure 4.11, below, shows the same information for processing 1 tonne of timber. 
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Figure 4-11. Normalised environmental profile of sawing, kilning, treating or kilning and 
treating 1 tonne of timber (weighted average). 
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Figure 4.12 sets out the sources of impacts for sawing 1 m3 of timber for selected 
environmental impact categories. This shows that the main sources of the CC100 impact 
were the consumption of fuels and energy for processing and transportation of the logs. 
The largest impact for sawing was Transport Pollution and Congestion, which arose from 
the transportation of the logs from the forest roadside to the mills. The impacts in CC100, 
AD, HTox. Air, Eutroph. and FFD reflect the use of electricity and diesel in processing the 
timber. 
Sawing 1 m3 of timber: sources of impacts for selected categories 
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Figure 4-12. The sources of environmental impact for sawing 1 m3 of timber for selected 
impact categories. 
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Figure 4.13 sets out the sources of impacts for kilning 1 m3 of timber for selected 
environmental impact categories. The impacts for kilning timber reflect the use of Natural 
Gas and electricity to generate the heat used to dry the timber, the TP&C impact is from 
transporting the kiln wrapping. 
Figure 4-13. The sources of environmental impact for kilning 1 m3 of timber for selected 
impact categories. 
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Figure 4.14 sets out the sources of impacts for treating 1 m3 of timber for selected 
environmental impact categories. 
Figure 4-14. The sources of environmental impact for treating 1 m3 of timber for selected 
impact categories. 
Figure 4.14 shows that for treating, the impacts were mainly those of the CCA preservative 
plus those from the relatively small energy use during the application of vacuum during the 
treatment process. 
To determine the cradle-to-mill gate environmental profiles of the sawn timber products, it 
is necessary to add in the impacts of the green logs. The next section sets out how the 
assessment of the forestry stage was done, and the section after adds the forestry impacts 
to the milling impacts to give cradle-to-gate profiles. 
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4.2.2 Environmental impacts of 1 green tonne of log at the forest roadside 
The impacts of producing the log inputs for UK sawn timber were assessed by Bill Hillier of 
Imperial College. This section briefly describes the model he used and the results he found 
for commercial spruce and pine forestry. 
Forestry consists of four main stages: nursery (where the seedling trees are produced); 
establishment (including site preparation); growing (silvicultural activities including 
thinning), and harvesting. Activities relating to each of these stages will be happening in 
different parts of an established forest or plantation throughout the forest's life; i.e. in one 
part of a forest the ground will be being prepared for planting, in another thinning will be 
needed, and in another logs will be being harvested. Forestry differs from the production 
processes that LCA was first derived for, in that the production period for a log in a 
commercial UK plantation is around 70 years. This means that the assessment of inputs 
and outputs has to consider this timeframe, whereas production in most industrial 
processes can be assessed over a year or less. However, information is not likely to be 
available on the practices and materials used when trees being harvested now were 
planted back in the 1930s, nor is it possible to predict the silvicultural and harvesting 
methods and materials that will be available when trees planted now are harvested in 70 
years' time. The most accurate data on practices and materials is that available at the time 
the data is being gathered for the study. Thus, the Imperial College model of forestry used 
information on current methods and materials for each of the four forestry stages to predict 
what inputs and outputs would be needed to plant, establish, and grow trees and harvest 
logs. The model addressed issues such as restocking rates, thinning schedules, growth 
classes, and road building and maintenance plans to derive the overall environmental 
impact of producing 1 green tonne of log from the nursery to the forest roadside. 
Imperial College used the BRE methodology's characterisation factors to calculate 
environmental profiles for 1 green tonne of spruce log and 1 green tonne of pine log. 
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Table 4.9 below gives the characterised environmental profiles for 1 green tonne of spruce 
and 1 green tonne of pine log at the forest roadside. 
Table 4-9. Characterised environmental impacts for 1 tonne of spruce and pine log at the 
forest roadside. 
Impact categories Spruce Pine 
CC100 (kg CO2 eq.) -939 -784 
AD (kg SO2 eq.) 0.70 0.43 
OD (kg CFC11 eq.) 0 0 
HT Air (kg tox.) 1.08 0.67 
POCP (kg ethene eq.) 0.0089 0.0074 
HT Water (kg tox.) 7.51E-06 0 
Ecotox. (m3 tox.) 0.0002 0 
Eutroph. (kg PO4 eq.) 0.0242 0.0147 
FFD (toe) 0.0113 0.0074 
ME (t) 0.2686 0.1590 
WE (I) 1711 1029 
WD (t) 0.000129 0.0000943 
TP&C (t.km) 13.8 8.7 
Berg and Lindholm (2005) carried out a limited impact assessment of forestry using the 
methodology developed by the Swedish Environmental Management Council's publication 
MSR 1999:2. They reported the environmental impacts for 1 m3 of log s.u.b.r from three 
locations in Sweden. Their results for the forest stage are summarised in Table 4.10. 
Table 4-10. Environmental impacts for 1 m3 of log (s.u.b.) from three regions of Sweden. 
Berg and Lindholm (2005). 
Impact categories 	 North 	 Central 	 South 
CC100 (kg CO2 eq.) 7,986 8,202 5,998 
AD (mol Fr) 2.1 2.2 1.8 
POOP (POOP) 10.2 10.5 7.6 
Eutroph. (g 02) 531 554 414 
These results indicate a considerable CC100 impact; ranging from almost 6 tonnes of CO2 
equivalent to 8.2 tonnes of CO2 eq. These impacts seem very large for just 1 m3 of log -
the text speaks of impacts in kg, so it looks like the figures in the table are actually in 
grammes. The Swedish Environmental Management Council does not allow the effects of 
s.u.b. = standing under bark 
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CO2 uptake by the trees to be included as an offset in the CC100 impact category. The 
reasons for this are not entirely clear; Product Specific Requirements for wood products 
presents a detailed method for calculating CO2 uptake but says it can't be used. The end 
of life impacts are caused by the carbon-based structure of timber, so why can't the start of 
life take advantage of the production of that carbon-based material? 
Before the results of the two studies can be compared, it is necessary to make sure that 
the approach, methodology and units are the same. Berg and Lindholm looked at forestry 
through to delivery of 1 m3 s.u.b. at the mill. This study looked at forestry through to 
placement of the log at the forest roadside for 1 green tonne of log. Forestry results could 
be separated from those of secondary haulage for Berg and Lindholm's results and 
Forestry Facts 2004 (Forestry Commission, 2004) contains conversion factors to allow 
green tonnes to be converted into m3 under bark (1.018 green tonne = 1 m3 under bark). 
However, the units of the categories set out in Table 4.10 indicate that only the Climate 
Change category was calculated in the same way. MSR 1999:2 sets out the 
characterisation factors to be used with its approach. For Climate Change, MSR 1999:2 
uses the factors published by the International Panel on Climate Change (IPCC) in 1996. 
BRE method currently uses factors published by the IPCC in 1995, and whilst some 
factors are the same others are considerably different. The characterisation approaches 
for the other categories are also different in the Swedish Environmental Management 
Council and BRE methods. 
Consequently, direct comparison of the results of the Swedish and UK studies is unsafe. 
But Berg and Lindholm did present emissions per m3 s.u.b. for carbon monoxide, 
hydrocarbons, methane, dinitrogen oxide, NOR, particles, SO,, and CO2 separated into 
those from forestry and those from secondary haulage. Of these substances, methane, 
dinitrogen oxide and CO2 are the contributors to Climate Change, and the characterisation 
factors for these substances are the same for both the Swedish and BRE methods. This 
implies that the results for CC100 are based on the same factors. 
Converting the results for one green tonne of UK-grown log to a m3 under bark basis gives 
a CC100 impact of -956 kg CO2 eq. for spruce and -798 kg CO2 eq. for pine. The forestry 
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processing CC100 impacts were 51 kg CO2 eq. for spruce and 32 kg CO2 eq. for pine. 
Using the reported estimated amounts of methane (0.476 g), dinitrogen oxide (0.566 g) 
and CO2 (5.86 g), gives a CC100 impact of 0.19 kg CO2 eq. m-3 log s.u.b. This figure is 
substantially less than any of the CC100 impacts reported for any of the three separate 
regions and is also much less than the forestry process CC100 impacts calculated for the 
UK log. The CC100 impact presented in Berg and Lindholm's paper seems too large, 
whereas the CC100 impact calculated from the estimates of emissions seems too small. 
Some of the difference may be due to a difference in methodology, e.g. the allocation 
approach adopted (MSR 1999:2 advocates an economic basis for multi-output processes 
but PSR 2003:8 demands allocation only by mass), but the differences seem too large to 
be accounted for purely by such choices. This inference is backed up by the work of 
Schwaiger and Zimmer (2001) reporting on fuel consumption and greenhouse gas 
emissions from European forest operations. They present harvesting impacts for Sweden 
of 2.54 kg CO2 equivalents for 1 m3 of log. Berg and Lindholm report that most of the 
impacts come from fossil fuel use and that they have improved the accuracy of their 
results by getting figures direct from the forest. The implication is that the CC100 figures 
should be around 8 kg m3 for forestry activities; these are then about 16% of those found 
in the UK study. This indicates that either different approaches to the analysis were taken 
or that UK forestry is more intensive than Swedish forestry. 
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Figure 4.15 presents the results for 1 green tonne of spruce and 1 green tonne of pine log. 
Figure 4-15. Normalised environmental profile for 1 green tonne of log at the forest roadside. 
These results show that the impacts of spruce and pine logs were broadly similar, with 
those of spruce being slightly greater in all categories. The largest impacts were in CC100 
and ME. The CC100 impact was negative because the uptake of CO2 by the growing trees 
to produce the woody material offsets Climate Change enough to overcome the CC100 
causing effects of fossil fuel use in the forest during site preparation, transport, silviculture 
and harvesting. The impacts in AD, HT Air, Eutroph. and FFD were caused by the 
consumption of fossil fuels during forest processes. The ME impact was caused by the 
building and maintenance of the forest road infrastructure, which is needed to get people 
and machinery into the forests and the thinnings and logs out of the forest. Forest roads 
use a lot of roadstone, which causes the ME impact. 
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Figure 4.16 gives the sources of impacts for selected environmental impact categories for 
1 green tonne of log. 
Figure 4-16. Sources of impacts for selected impact categories for 1 green tonne of log at the 
forest roadside. 
These results show that the biggest sources of impacts for both spruce and pine were the 
use of energy and fuels, and the consumption of materials and equipment. Agrochemicals 
do not appear to have impacted on the forest's environmental performance, this may be as 
a result of their relatively low level of use or it may be due to the lack of data available on 
their production and performance. It is somewhat surprising that there are no impacts 
showing from the fertilisers used in forestry since these contribute to HTox. Water 
(phosphorus-based fertilisers) and Eutroph., AD and CC100 (nitrogen-based fertilisers). 
Again this may reflect the methodology used or the lack of data available to quantify these 
impacts. 
The Imperial College assessment did not cover primary energy use, so figures cannot be 
presented here to compare with those from previous results. 
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4.2.3 Environmental impact of sawn, kilned, treated, and kilned and treated timber 
(cradle-to-mill gate) 
Table 4.11 presents the weighted average cradle-to-gate characterised data for the four 
timber products. 
Table 4-11. Characterised environmental impacts for 1m3 of each of the timber products - 
cradle-to-gate. 
Impact Categories Sawn Kilned Treated 
Kilned and 
Treated 
CC100 (kg CO2 eq.) -550 -477 -536 -421 
AD (kg SO2 eq.) 1.3 1.7 1.7 1.8 
OD (kg CFC11 eq.) 0 0 0 0 
HT Air (kg tox.) 2.0 2.3 3.4 3.0 
POCP (kg ethene eq.) 0.02 0.04 0.03 0.05 
HT Water (kg tox.) 0.000010 0.000010 0.000012 0.000011 
Ecotox. (m3 tox.) 0.00027 0.00027 0.01110 0.00412 
Eutroph. (kg PO4 eq.) 0.05 0.07 0.06 0.07 
FFD (toe) 0.03 0.06 0.04 0.08 
ME (t) 0.40 0.41 0.45 0.40 
WE (I) 2547 2602 2846 2572 
WD (t) 0 0 0 0 
TP&C (t.km) 134 155 161 223 
Process CC100 
(kg CO2 eq.) 56 127 58 162 
Relatively little information is available in the published literature on the environmental 
performance of forests and forest products, particularly in terms of impacts in specified 
environmental impact categories. Table 4.12 presents the results found in two EPDs 
produced for Swedish softwood. 
Table 4-12. Environmental impacts for 1 m3 of Swedish sawn softwood from published EPDs. 
Environmental 
impact 
1 ne kilned softwood 
(Mellanskog Industry AB, 
1999). 
As presented in paper. 
Calculated according to MSR 
1998:1 
1 m3 softwood @ 18% me 
(kilned?) 
(Andersson, 1996). 
Results for 'Emissions to Air' 
used to calculate impacts 
using BRE characterisation 
factors. 
GWP100 (=CC100) 
	
56.10 kg CO2 eq. 	 18.83 kg CO2 eq. 
AP (=AD) 
	
0.52 kg SO2 eq. 0.39 kg SO2 eq. 
POCP 0.21 kg ethene eq. 	 0.11 kg ethene eq. 
NP (=Eutroph ) 
	
0.75 kg NO2 eq. 0.06 kg PO4 eq.  
These results show that the impacts from the Andersson EPD appear to be consistently 
lower than those reported by the Mellanskog EPD but even though the impacts for GWP, 
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AP and POCP are presented in terms of the same reference substances, the LCA 
methodology, assumptions and decisions could be very different between the two studies. 
The results for NP are based on different reference substances and no comparison can be 
attempted. 
It would appear that the results in the two EPDs represent only the damaging impacts 
caused by the process and do not include the CO2 offset of carbon sequestration by trees 
to produce timber. The results from Andersson's EPD are directly comparable with those 
for this study, in that the same characterisation factors were used to convert the emissions 
to air into environmental impacts. The value from Andersson's EPD is less than a third of 
the process CC100 impact found for kilned softwood this study. The CC100 impact derived 
from the Mellanskog EPD is about half that found for UK kilned softwood but almost 3 
times that reported in the Andersson EPD. 
The AD impacts for UK kilned, softwood timber appear to be greater than those for both 
sets of Swedish softwood. However, the POCP impacts of UK kilned, softwood appear to 
be lower than those for either of the Swedish results. The Eutroph. impacts of the UK and 
Andersson's Swedish timber are very similar. 
The apparently greater impacts of the UK kilned softwood in process CC100 and AD may 
be a reflection of the energy mix used in the UK compared with that of Sweden; UK 
sawmills use a mix of electricity and Natural Gas to fire their kilns whereas biofuels are 
often used by Swedish sawmills to heat their kilns. 
Extreme caution is needed when comparing the results from all of these studies because 
of the likely differences in LCA methodology, assumptions and decisions, forestry and 
sawmilling practices and technologies, and the sources and types of energy and materials 
used. However, the results for the UK kilned softwood seem broadly in line with those from 
the Swedish EPDs. 
The remainder of this section looks at the sources of the environmental impacts for the UK 
timber products. 
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Figure 4.17 presents the cradle-to gate, normalised, weighted average environmental 
profile for 1 m3 of sawn timber — this profile combines spruce and pine in ratios appropriate 
to each mill, and is weighted according to the contribution of sawn timber at each mill to 
the total amount of sawn timber assessed. The figure shows the impacts coming from the 
green log (forestry) and those from the sawing process. The results indicate that the 
impacts of the sawn timber were less than 8% of the annual impacts of 1 UK citizen, with 
the majority of the impacts coming from forestry, with the exception of TP&C. The results 
also show that the CO2 uptake of the trees has a very beneficial impact on the profile of 
the sawn timber at this point in its life cycle. 
Normalised environmental profile of 
1 m3 of sawn timber, cradle-to-mill gate 
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	8% 	10% 
% of 1 UK citizen's annual impacts 
Figure 4-17. Normalised environmental impact of 1 m3 of sawn timber, showing the impacts 
of forestry and sawing. 
4.2 Environmental profiles of sawn timber products 	 179 
_8% 	-6% 	_4% 	-2% 	0% 	2% 	4% 	6% 	8% 	10% 
%of 1 UK citizen's annual impacts 
Normalised environmental profile of 
1 m3 of kilned, sawn timber, cradle-to-mill gate 
TP&C 
WD 
WE 
ME 
FFD 
Eutroph. 
c, E otox 
HT Water 
POOP 
HT Air 
OD 
AD 
o sawn timber 
• kilning 
4 	Evaluation - Results and discussion (UK-grown softwood) 
Figure 4.18 presents the cradle-to gate, normalised, weighted average environmental 
profile for 1 m3 of kilned timber. The figure shows the impacts coming from sawing and 
from the kilns. The results indicate that the impacts of forestry and sawing dominated the 
profile and that the additional impacts caused by kilning were largely due to the fuel and 
energy used in the kilning process. 
Figure 4-18. Normalised environmental impact of 1 m3 of sawn timber, showing the impacts 
of sawing and kilning. 
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Figure 4.19 presents the cradle-to gate, normalised, weighted average environmental 
profile for 1 m3 of treated timber. The figure shows the impacts coming from sawing and 
the treatment plant. The results indicate that the impacts of forestry and sawing were 
larger than those of treating but that treatment has impacts relating to the energy used and 
the toxic treatment chemicals involved. 
Figure 4-19. Normalised environmental impact of 1 m3 of sawn timber, showing the impacts 
of sawing and treating. 
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Figure 4.20 presents the cradle-to gate, normalised, weighted average environmental 
profile for 1 m3 of kilned and treated timber. The figure shows the impacts coming from 
sawing, plus those from kilning and treating. The results show that the impacts of kilning 
and treating reflect the use of fuels and energy and toxic chemicals but that the profile 
remains dominated by the impacts of forestry and sawing. 
Normalised environmental profile of 
1 m3 of kilned and treated, sawn timber, cradle-to-mill gate 
%of 1 UK citizen's annual impacts 
Figure 4-20. Normalised environmental impact of 1 m3 of sawn timber, showing the impacts 
of sawing, kilning and treating. 
The results for all of the timber products investigated indicate that the largest 
environmental impacts for 1 m3 of timber (ME and CC100) are less than 10% of the 
impacts caused by 1 UK citizen in a year; with the total CC100 impact being negative at 
the mill gate due to the CO2 taken up by the growing tree to make the wood offsetting the 
Climate Change caused by the forestry and sawmilling processes. 
Whilst the impacts per m3 appear relatively low, the level of use of timber makes it worth 
examining how the environmental profile for 1 m3 translates into the impacts of the amount 
of timber produced annually in the UK. 
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Figure 4.21 below sets out the environmental profile of UK-grown, sawn softwood for the 
years 1998 (which reflects when most of the data was gathered for this assessment) and 
2003 (to represent increased production associated with the maturing of the increased 
levels of planting done in the 1930s). 
Figure 4-21. Projected environmental impacts for UK-grown, sawn softwood for the annual 
production in 1998 and 2003. 
The data in this graph were calculated on the basis that the proportions for each of the four 
products in the 15 mills represented the proportions of these products in the total UK 
production. These proportions were: 
• sawn only, 58% 
• kilned, 29% 
• treated, 11% 
• kilned and treated, 2%. 
Figures from the Forestry Commission's publication 'Forestry Statistics 2004' (Forestry 
Commission, 2004) state that the total UK production in 1998 was 2,293,000 m3. The total 
production from the 15 mills was 1,389,932 m3, which indicates that the results presented 
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here account for about 61% of total production but represent a greater percentage than 
this. 
The results in Figure 4.21 indicate that in 1998, UK-grown, softwood resulted in 
environmental impacts equivalent to those of 349,914 UK citizens. For 2003, the figure 
was 408,089 citizens; reflecting the higher level of production in 2003. These figures are 
made up of the damaging impacts (equivalent to 439,767 people in 1998 and 514,564 
people in 2003) and the beneficial CC100 impacts (offsetting the impacts of 97,845 people 
in 1998 and 114,487 people in 2003). UK National Statistics state that the population of 
the UK in 2003 was 55.6 million, this implies that UK-grown, sawn softwood products 
account for less than 1% of the UK's total environmental impacts. 
The largest categories of damaging impact were in ME, TP&C, AD and HT Air; associated 
with forest infrastructure (ME), transportation and the use of fossil fuels (TP&C, AD and HT 
Air). 
The fact that timber has a negative (i.e. beneficial) impact on Climate Change, in the 
cradle-to-gate environmental profiles, implies that timber is a good choice for a 
construction material. However, it is essential to examine the whole life of an element 
containing timber before drawing such conclusions, since the Use and Disposal phases of 
a life cycle can have considerable bearing on the whole life performance. The next section 
presents the end of life model developed at BRE based on information from work done at 
BRE on the recovery and re-use of timber during refurbishment and demolition, and 
information on the amounts of timber being burnt with and without energy recovery, and 
being delivered to landfill. 
4.2.4 End of life model for timber — disposal impacts 
At the end of its life, or at the end of the life of a building element containing it, timber is 
usually: 
a) Reclaimed or recycled 
b) Burnt 
• With energy recovery 
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• Without energy recovery 
c) Landfilled. 
The end of life model for timber incorporated into the BRE methodology for assessing 
building elements looks at the amount of timber following each route and the impacts 
associated with each route: the model used in this study was 15% reclaimed or recycled, 
5% incinerated and 80% landfilled. Reclaimed or recycled timber does not cause any 
Disposal environmental impacts to the life cycle that generated the timber (so, if timber 
studs are reclaimed or recycled from a timber frame panel, then no Disposal impacts 
accrue to the timber frame panel's life). The environmental impacts of burning timber for 
energy recovery go to the energy produced but the impacts of burning without energy 
recovery remain with the timber. Landfilled timber rots to produce CO2 and methane. 
Some methane ('landfill gas') is used for energy production, and the environmental 
impacts of this travel with the energy produced, but the impacts of any methane flared at 
the landfill site (plus methane that escapes unburnt) will remain with the timber. 
The timber end of life model used in this study results in environmental impacts in the 
following categories: CC100; AD; HTox. Air; S. Smog; Eutroph., and Waste Disposal. 
Figure 4.22, below, presents the cradle-to-gate and end of life impacts for 1 m3 of kilned 
timber. 
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Figure 4-22. Normalised environmental impacts for 1 m3 of UK-grown, kilned timber, showing 
impacts from start and end of life. 
The results in Figure 4.22 show that the CC100 benefits caused by the uptake of CO2 
during the growth of trees in the forest are more than offset by the CC100 emissions 
caused by current end of life disposal routes (these will be a combination of the methane 
emissions at landfill sites and the burning of wood without energy recovery). The end of life 
model for timber also sees impacts in AD, HTox. Air, S. Smog, Eutroph. and WD. These 
results show that the possible interpretation of the cradle-to-gate profiles that using more 
timber is 'better' for the environment (because of the offsetting of CC100 impacts by 
carbon sequestration) is wrong: the more timber that is used, the greater the end of life 
impacts and the worse the overall environmental performance. However, it should be 
noted that the end of life impacts are sensitive to changes in the end of life scenario and 
the underlying models for the disposal routes making up the end of life scenario. 
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4.3 Key points from the assessment of UK-grown and processed softwood 
1. Sawmills represent a fairly simple process (with the main sub-processes being: 
sawing; kilning, and preservative treating). However, they represent a complex 
system to achieve mass balance with since the wood-based inputs and outputs of 
the process are measured in different units and mass data is dependent on the 
moisture content of the wood-based material. 
2. Data was obtained from 15 sawmills, accounting around 61% of total UK sawn 
softwood production in 1998 (but representing a higher fraction of production). The 
average conversion efficiency was 51%, indicating that it typically takes 1.96 m3 of 
log to produce 1 m3 of timber. Sawmills are very well integrated into the forest-based 
sector and have found markets for most of the 'co-products' they produce. 
Consequently, the sawn timber represented, on average, 88% of the value of the 
process. 
3. The cradle-to-gate, weighted average, normalised environmental profiles revealed 
that the impacts of forestry dominated the impacts of the sawn timber products. The 
impacts for 1 m3 of timber were: 
For 1 m3 Impact relative to that of 
1 UK citizen's annual 
impact 
Relative contribution 
from forestry 
kilned and 20% 43% 
treated 
treated timber 18% 49% 
kilned timber 16.5% 52% 
sawn timber 13% 76% 
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This Chapter presents the results of the survey into the role of environmental information 
in organisations producing and using timber and wood-based panels and discusses the 
implications of these for the communication of environmental information. The results from 
the usability testing of the Environmental Product Declaration (EPD) format developed to 
disseminate environmental information to users are also presented. The implications of the 
results for the successful dissemination of environmental information via EPDs are then 
considered. 
The Chapter is divided into two main parts: part 1 presents the findings from the 
investigation into the role of environmental information in organisations, and part 2 sets out 
the environmental performance information used in the dissemination format and the 
results of usability testing for the dissemination format. 
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5.1 	The role of environmental information in companies producing wood- 
based materials and organisations selecting construction materials 
Table 5.1 sets out the number of responses received from the different companies 
targeted and the abbreviations subsequently used to describe each group. The survey is 
included as Annexe B. 
Table 5-1. Surveys sent and received by company type. 
Company type Number of surveys 
sent out 
Number of replies received 
(proportion of sent) 
Architects (Arcs) 20 7 (35%) 
Local Authorities (LAs) 20 8 (40%) 
Housing Associations (HAs) 20 6 (30%) 
Sawmillers (MFSs) 8 7 (87.5%) 
Panel producers (MFPs) 7 7 (100%) 
The sample sizes were chosen to give a representative selection of the views of those 
responsible for the design and use of buildings and a larger scale coverage of the views of 
those producing timber and timber-based materials (since the producers were the main 
target audience for the environmental information presented in Chapter 4). 
The architects (Arcs), Local Authorities (LAs) and Housing Associations (HAs) targeted for 
the postal survey were selected as 10 who were known to be 'environmentally aware' and 
10 whose environmental credentials were unknown. The idea was then to see if there was 
any difference in the understanding and use of environmental information in companies 
that gave environmental issues a high profile within their company ethos. However, none 
of the companies known to be environmentally aware responded. 
The results from the survey are presented using the same headings as used in the survey. 
Where possible, the results were analysed using the Chi squared technique. 
Chi squared is widely used in biological and social sciences where results are in the form 
of whole numbers, e.g. as counts of an attribute such as eye colour, or a stated opinion. It 
can be used for single samples or for two or more independent samples. Chi squared is a 
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`goodness-of-fit' type assessment designed to test whether the number of observed 
responses in the categories studied differ significantly from the expected number of 
responses in each category according to the null hypothesis. The following explanation of 
the Chi squared (X2) test is adapted from Siegel (1956). 
There are 6 steps to the Chi squared test: 
1. The null hypothesis (H0) supposes that the frequency for each of the categories in the 
observed population is the frequency expected; the null hypothesis, therefore, allows 
the expected frequencies to be deduced. 
2. The observed frequencies are arranged in a k x r contingency table, where k 
represents the categories (groups) measured and r the number of samples. 
3. The expected frequencies are calculated as: 
y r E, k  
r k EE rk 
1=1 j=1 
i = row number, and j = column number 
rk 
E = sum over all cells 
d=1 j=1 
4. The X2 statistic is calculated as: 
X
2 
= E 
r 	
(
n;;_ 4)2 
1=1 ;__• 	Eft 
04 = observed cases in ith row of jth column 
= expected cases under Ho in ith row of jth column 
5. The degrees of freedom, df, for the X2 statistic are calculated as: 
df = (k — 1)(r — 1) 
6. The significance of the observed value of X2 is assessed using tabulated values of the 
X2 distribution. If the observed value of X2 is equal to or greater than the tabulated value 
for a particular level of significance (probability), then Ho is rejected and the conclusion 
can be drawn that the samples are not from the same population. 
The Chi squared test works best with relatively large samples. The test requires that the 
expected frequencies (Ei,) in each cell should not be too small; otherwise the test results 
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are meaningless. Cochran (1954) recommended that less than 20% of the cells in the 
table of expected frequencies should have a value of less than 5 and all expected 
frequencies should be greater than 1. If the data does not meet these criteria, then 
appropriate grouping of the data is needed until the criteria are met. 
5.1.1 Section 1: Company approach to environmental information and issues 
The results from the survey (with a response rate of between 35 and 100%) showed that 
32 out of the 35 respondents (91%) had an environmental policy. However, only 25 (71%) 
of the organisations monitored their environmental performance with 13 (37%) reporting it 
publicly. Public reporting was mainly done using the company's own format but some 
manufacturers used ISO 14001 or Defra guidelines to produce their reports. 
31 (89%) of the organisations had personnel responsible for environmental issues. Ten 
organisations had people on their Management Board with environmental responsibilities, 
8 had a full time environmental officer (mainly manufacturers and some LAs) but 
environmental responsibilities were mainly combined as part of another role in a full time 
person. 
5.1.2 Section 2: Company view of environmental issues 
The aim of this section was to establish which issues were regarded as 'environmental', 
how important each issue was perceived to be and why an issue was regarded as 'highly 
important'. Section 2 contained 3 parts: 
A — which issues regarded as environmental  
B — importance of each issue (1 = highly important, 5 = unimportant)  
C — Reason for being highly important (1 = most influence, 5 = least influence) 
All issues received a rank, indicating that all issues were regarded as environmental by at 
least some of the respondents. Table 5.2, overleaf, presents the frequency of ranks 
awarded to each environmental issue for each of the company types. 
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Table 5-2. Frequency of ranks awarded to each issue by the five company types (blank cell indicates no ranking 
awarded). 
1 	2 
Arcs 
3 4 	5 
LAs 
1 	2 	3 	4 	5 
HAs 
1 	2 	3 	4 	5 1 	2 
MFPs 
3 4 	5 1 	2 
MFSs 
3 4 	5 - . • 
Acid Deposition 
Climate Change 3 2 1 1 3 1 3 1 1 1 2 4 1 2 2 1 1 1 
Contaminated land 2 4 2 3 2 4 2 1 1 1 3 1 1 1 1 
Durability 1 3 2 1 1 1 1 2 1 2 1 1 1 1 
Dust 4 2 1 2 1 2 5 1 1 2 2 2 
Ecosystems and Habitats 2 2 3 2 3 1 2 1 2 1 1 2 
Ecotoxicity 1 2 1 1 1 2 1 1 1 1 1 1 2 1 1 1 
Energy 3 4 4 1 2 1 4 1 5 2 3 2 1 1 
Eutrophication 3 1 1 1 1 1 1 2 1 1 1 
Fossil Fuel Depletion 1 2 2 1 2 4 1 1 1 1 1 1 1 2 
Global Warming 2 3 1 3 1 2 1 1 1 1 1 2 3 1 1 2 
Human Toxicity to Air 2 2 1 1 1 1 2 2 2 3 1 1 2 
Human Toxicity to Water 2 2 1 1 1 3 2 1 1 2 2 1 1 
Indoor Air Quality 3 3 1 4 1 2 3 2 1 2 
Land use 1 2 1 2 3 3 1 1 2 2 2 2 1 1 
Low Level Ozone Creation 1 2 2 1 2 2 1 1 2 1 1 1 
Minerals Extraction 1 2 1 1 1 1 1 1 1 1 2 
Noise 5 1 1 3 2 2 1 2 4 1 3 3 
Noise Pollution 1 4 1 1 3 2 2 2 2 2 2 2 3 
Ozone Depletion 1 3 1 1 1 1 1 2 1 2 1 1 3 1 1 1 
Recycling 2 4 1 4 3 1 2 2 4 1 2 1 2 .3 
Sustainability 3 3 1 4 3 1 3 1 1 1 3 2 1 2 2 1 1 
Transport Pollution and 
Congestion 1 4 2 4 3 1 1 2 1 3 1 2 3 1 
Waste Disposal 1 4 1 4 3 1 1 1 1 5 2 2 3 1 1 
Water Extraction 5 1 1 2 1 1 1 1 2 1 2 1 1 1 
CO 
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Figure 5.1 shows the frequency of ranks awarded by the different organisations. This 
graph shows that the rank of 1 was the most frequently awarded rank for all groups 
except for the architects (whose most frequently awarded score was 3). The graph also 
indicates that people tended to award ranks of 3 or above, i.e. to attach more 
importance to issues rather than less. This could be a real result, a reflection of 
people's tendency to be positive about their responses or a bias in their responses as 
wishing to be seen to be having a positive disposition to environmental issues. 
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Figure 5-1. The frequency of awarding different ranks by company type. 
Table 5.3 below sets out the Chi squared results for testing to see if there was a 
difference in the ranks awarded by the groups. 
Table 5-3. Chi squared testing for difference between groups in the awarding of ranks. 
Observed (0) 
Rank 
Expected (E) 
Rank 
1 5 Total 1 2 3 4 5 Total 
Arcs 19 43 ! 58 26 , 	9 155 44 36 39.5 21.3 15 155 
LAs 46 28 • 22 26 16 138 39 32 35.2 19 13 138 
HAs 29 26 18 	• 30 76 21 17 19.4 10.5 7.3 76 
MFPs 47 24 35 13 1 	9 128 36 29 32.6: 17.6 12 128 
MFSs 27 16 19 14 23 99 28 23  25.2 ! 13.6 9.5 99 
total 168 137 152 82 57 596 168 137 152: 82 57 596 
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O-E = ((0-E)A2)/E 
Rank 
1 2 3 4 	5 Total 
Arcs 14 1 1.5 8.6 	I 1 	I 	2.3 27 
LAs 1.3 	I 0.4 4.9 2.6 	0.6 10 
HAs 2.7 	I 4.2 I 0.1 	I 5.3 I 7.3 20 
MFPs 3.3 1 	1 0.2 1.2 	0.9 7 
MFSs 0.0 	I 2.0 I 1.5 0 ! 	19 23 
total 21 9.13: 15 10 	30 86.3 X2 
1.20E-11 p *** p<0.001 
16 	df 
These results reinforce the need to use Chi squared to investigate any differences in 
the responses from each group because they indicate that the groups were highly 
significantly different in the ranks that they awarded: this may be a reflection of the 
value attached to each rank differing between respondents and between groups. 
Figure 5.2 shows the frequency of a score of 1 for each of the environmental issues by 
group. 
Figure 5-2. Frequency of Highly Important rank (1) awarded by the different groups. 
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Figure 5.2 shows that the 10 issues most frequently ranked Highly Important were: 
1. 'Energy' (with 19 awards of 1) 
2. Climate Change, and Sustainability (13) 
4. Waste Disposal (12) 
5. Contaminated land (11) 
6. Recycling (9) 
7. Global Warming, Land use, and Noise (8) 
10. Dust, Noise Pollution, and Transport Pollution and Congestion (7) 
These results show that the interpretation of what made an issue an 'environmental 
issue' was very variable with issues that were only partially environmental (e.g. 
sustainability) being rated very highly by many. The results also show that there is a 
misunderstanding of the terminology since Climate Change and Global Warming are 
synonymous but Global Warming received less Highly Important rankings than did 
Climate Change. The number of times an issue was identified as Highly Important also 
appears to reflect the level of profile that the issue has in the media, in government 
policies and in the issues addressed by each group and their clients. 
Chi squared was used to investigate whether there was a difference between the 
groups on the issues they regard as Highly Important. To achieve enough results in 
each of the Expected scores, it was necessary to combine the Architects, LAs and HAs 
into a Users group, the MFSs and MFPs into a Producers group, and to combine 
environmental issues into four types: Resource Depletion; Nuisance; Pollution, and 
Response to environmental issues. Durability was excluded from the assessment 
because it is physical performance affected by environment. `Ecosystems and Habitats' 
was excluded because the importance of this will reflect specific localised 
circumstances and sensitivities. Table 5.4 shows how the environmental issues in the 
survey were assigned to the 4 types. 
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total Users Producers total Producers 
19! 
37 
12 
20 
11 
35 
17 
10 
16.4 
39.4 
15.9 
16.4 
13.6 
32.6 
13.1 
13.6 
161 	88 73 
O-E 
Users Producers 
0.41 0.50 
0.14 0.17 
0.94 1.13 
0.79 0.95 
2.281 2.750 
total 
0.91 
0.31 
2.06 
1.75 
5.03 X2 
p 
df 
nsd 0.17 
3 
total 161 
Users 
resource depletion 
pollution 
nuisance 
response to env concern 
30 
72 
29 
30 
30 
72 
29 
30 
88 73 
resource depletion 
pollution 
nuisance 
response to env concern 
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Table 5-4. The four environmental issue groups and the environmental issues assigned 
to each. 
Resource 
depletion 
Nuisance Pollution Response to 
environmental 
issue 
Energy 
Fossil fuel 
depletion 
Minerals 
extraction 
Water extraction 
Dust 
Noise 
Noise pollution 
Transport 
pollution and 
congestion 
Acid deposition 
Climate change 
Contaminated land 
Ecotoxicity 
Eutrophication 
Global Warming 
Human toxicity to air 
Human toxicity to 
water 
Indoor air quality 
Low level ozone 
creation 
Ozone depletion 
Waste disposal 
Land use 
Recycling 
Sustainability 
Table 5.5 presents the results of the Chi squared analysis. 
Table 5-5. Chi squared analysis of the ranking of issues as Highly Important by Users 
and Producers. 
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From these results, Users and Producers were not shown to differ in the types of 
environmental issues they regarded as highly important. 
Tables 5.6 to 5.10 present the reasons for scoring an environmental issue as Highly 
Important for each of the groups. Each reason was also awarded a rank to indicate its 
influence on the decision taken; ranks were from 1 (highest influence) to 5 (least 
influence). 
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Table 5-6. Frequency of MFPs reasons for ranking an environmental issue as Highly Important (1 = highest influence to 5 = least 	 cri 
influence, blank cell indicates no ranking awarded). 
Pressure Group Other Campaigns Legislation 	Client Pressure 	Research 	Stakeholders 
4 1 5 1  1 2 	3 1 4 1 5 	1 1 2 1 3 1 4 1 5 	1 1 2 1 3 
1 Human Toxicity to Air 
1 Human Toxicity to Water 
2 Noise 
1 Recycling 
Table 5-7. Frequency of MFSs reasons for ranking an environmental issue as Highly Important (1 = highest influence to 5 = least 
influence, blank cell indicates no ranking awarded). 
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Table 5-8. Frequency of LAs reasons for ranking an environmental issue as Highly Important (1 = highest influence to 5 = least influence, 
blank cell indicates no ranking awarded). 
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Table 5-9. Frequency of Arcs reasons for ranking an environmental issue as Highly Important (1 = highest influence to 5 = least influence, 
blank cell indicates no ranking awarded). 
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Table 5-10. Frequency of HAs reasons for ranking an environmental issue as Highly Important (1 = highest influence to 5 = least 
influence, blank cell indicates no ranking awarded). 
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5 Communication - Results and Discussion (environmental information) 
Legislation was identified as the key driver for regarding an issue as environmental but 
it was also evident that views were strongly influenced by the respondents' position 
within the construction supply chain. Housing Associations and Local Authorities 
tended to rate issues related to real estate ownership (for example, contaminated land, 
land use, recycling, sustainability and waste disposal) as highly important 
environmental issues. The manufacturers tended to focus on production related issues 
such as climate change and energy, unless there was a specific issue for them. This is 
illustrated by the panel manufacturer's identification of indoor air quality as being highly 
important, which is due to formaldehyde emission from panel products becoming a 
pressure group issue in recent years. The finding that each group was generally only 
interested in the life cycle stages that came under their direct concern backed this up. 
Overall, it was evident that product Users placed a greater emphasis on environmental 
information than Producers do. 
Figure 5.3 presents the frequency of awarding a score of 1 or 2 to the reason why an 
issue was regarded as Highly Important. 
Figure 5-3. Frequency of 1 and 2 scores for the reasons that an issue was regarded as 
Highly Important 
Figure 5.3 shows that similar patterns of influence were reported by both groups with 
Legislation and Stakeholders being awarded the most 1 and 2 ranks by both groups. 
The results also indicate the different pressures on the Users and Producers, with the 
5.1 The role of environmental information 	 203 
5 Communication - Results and Discussion (environmental information) 
Users taking note of a wider sphere of influence and the Producers mostly responding 
to shareholders and pressure groups. 
Ranks of 1 and 2 (influence) were combined for Users and Producers for each reason 
to give enough cells > 5 for the expected frequency. This combination is feasible 
because Users and Producers were not shown to differ (nsd) in the types of issues 
they regarded as environmental. The results of the Chi squared analysis are presented 
in Table 5.11. 
Table 5-11. Chi squared analysis to determine if Users and Producers ranked issues as 
Highly Important and Important for the same reasons. 
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5 Communication - Results and Discussion (environmental information) 
The Chi squared results show that Users and Producers were highly significantly 
different (**) in the reasons why they regarded issues as environmental: Users > 
Producers for research; Producers > Users in legislation. So, whilst Users and 
Producers appeared not to differ on the issues they regarded as environmental, they 
did differ on the reasons why they regarded the issues as environmental. 
5.1.3 Section 3: Uses of environmental information and the intended audience. 
Figure 5.4 shows the frequency of the different uses of environmental information for 
each group. 
Figure 5-4. Uses for environmental information in each group. 
Figure 5.4 shows that there were three main uses common to each group: 
material/product selection; policy decisions, and Public Relations (PR). 
Table 5.12, below, sets out the Chi squared analysis for determining if there was any 
difference in the purposes Users and Producers were using environmental information 
for. Users v Producers were nsd in the purposes environmental information was used 
for. 
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Table 5-12. Chi squared analysis of uses for environmental information by Users and 
Producers. 
0 
Users Producers Total 
Marketing 9 11 20 
Material or 
Product 
selection 15 11 26 
Process 
improvement 
Product 
development 
Policy_decisions 
9 9 18 
6 7 
............................................... .13  
17  
13 
9 
10 
26 
23 Public relations 
total 69 57 126 
E 
Users Producers Total 
Marketing__ 11.0 9 0 20 
Material or 
Product 
selection 14.2 11.8 26 
Process 
improvement 9.9 8.1 18 
Product 
development 7.1  5.9 13 
Policy decisions 14.2 11.8  26 
Public relations 12.6 10.4 23 
total 69 57 126 
O-E 
Users Producers Total 
Marketing 0.35 0.42 0.77 
Material or 
Product 
selection 0.04 0.05 0.09 
Process 
improvement 0.07 0.09 0.16 
Product 
development 0.18 0.21 0.39 
Policy decisions 0.54 0.65 1.18 
Public relations 0.01 0.02 0.03 
total 1.19 1.44 2.63 X2 
0.7574 p 	nsd 
5 	df 
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5 Communication - Results and Discussion (environmental information) 
Figure 5.5 presents the reasons why Users were using environmental information. 
Figure 5.6 presents the same information for the Producers. 
Figure 5-5. Reasons why Users were using environmental information. 
Figure 5-6. Reasons why Producers were using environmental information. 
These two figures show that the Users were mainly using environmental information to 
communicate with Stakeholders and because of client pressure. Producers were 
mainly using environmental information to comply with legislation and because of client 
pressure. 
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Table 5.13 presents the Chi squared analysis investigating whether there was any 
difference between the reasons why Users and Producers used environmental 
information. 
Table 5-13. Chi squared analysis for reasons why environmental information used. 
0 
Legislation 
Client 
pressure Research 
Stake- 
holders 
Pressure 
group 
campaigns Other Total 
Users 
Producers 
15 
29 
26 
30 
16 
12 
33 
15 
13 
16 
10 
1 
113 
103 
total 44 56 28 48 29 11 216 
E 
Legislation 
Client 
pressure Research 
Stake- 
holders 
Pressure 
group 
campaigns Other Total 
Users 
Producers 
23.0 
21.0 
29.3 
26.7 
14.6 
13.4 
25.1 
22.9 
15.2 
13.8 
5.8 
5.2 
113 
103 
total 44 56 28 48 29 11 216 
O-E 
Legislation 
Client 
pressure Research 
Stake- 
holders 
Pressure 
group 
campaigns Other Total 
Users 2.79 0.37 0.12 2.48 0.31 3.13 9.21 
Producers 3.06 0.41 0.14 2.72 0.34 3.44 10.10 
total 5.86 0.78 0.26 5.20 0.65 6.57 19.31 
19.31 X2 
0.0017 0.01<p>0.001 ** 
5 df 
The Chi squared results showed that the Users and Producers were highly significantly 
different (0.001<p>0.01, ''') in the reasons why they were using environmental 
information. The main differences were in legislation and stakeholder influences 
(Producers cited legislation more than Users, Users cited stakeholders more than 
Producers). 
Figure 5.7 shows the frequency of the reasons why each group was using 
environmental information for the three main uses of material/product selection; policy 
decisions, and PR. 
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Figure 5-7. Reasons why environmental information being used for product selection, 
policy decisions, and public relations. 
Figure 5.7 shows that environmental information was most used in product selection 
due to client pressure, that legislation was the main reason for the use of 
environmental information in policy decisions, and that environmental information was 
used in PR activities because of client pressure and stakeholder influence (closely 
followed by pressure group campaigns). 
Chi squared was used to examine the reasons why environmental information was 
applied in these uses. 
1. Material/product selection. Reasons were combined into 'legislation and research' ('L 
& R'), and 'interested parties' to get enough expected cells > 5 to compare the 
responses of Users against Producers. The results are presented in Table 5.14, which 
shows that Users and Producers were not shown to differ (nsd) in the reasons why 
they used environmental information for product or material selection. 
5.1 The role of environmental information 	 209 
0-E 
Users 0.2420 0.2541 0.4960 
Producers 0.4667 0.4900 0.9566 
total 0.7086 0.7440 1.4527 X2 
0.2281 p 	nsd 
1 df 
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Table 5-14. Chi squared analysis for comparing the reasons why Users and Producers 
use environmental information for material or product selection. 
Interested 
0 L & R parties Total 
Users 7 13 20 
Producers 6 11 17 
total 13 24 37 
E 
Users 7.03 12.97 20 
Producers 5.97 11.03 17 
total 13 24 37 
O-E 
Users 0.0001 0.0001 0.0002 
Producers 0.0001 0.0001 0.0002 
total 0.0002 0.0001 0.0003 
0.9851 p 	nsd 
1 df 
x2 
2. Policy decisions. Again, the reasons for using environmental information had to be 
combined into 'legislation and research' and 'interested parties' to get enough expected 
cells > 5 to compare Users with Producers. Table 5.15 presents the results and shows 
that Users and Producers were nsd in the reasons why they used environmental 
information for policy decisions. 
Table 5-15. Chi squared analysis for comparing the reasons why Users and Producers 
use environmental information for policy decisions. 
Interested 
0 L & R parties total 
Users 12 15 27 
Producers 9 5 14 
total 21 20 41 
E 
Users 14 13 27 
Producers 7 7 14 
total 21 20 41 
3. Public relations. The combined reasons of 'legislation and research' and 'interested 
parties' was again necessary to get enough expected cells > 5 to allow comparison of 
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Users with Producers. The results are presented in Table 5.16 and show that the Users 
and Producers were nsd in the reasons why they used environmental information for 
PR purposes. 
Table 5-16. Chi squared analysis for comparing the reasons why Users and Producers 
use environmental information for public relations. 
Interested 
0 L & R parties Total 
Users 13 5 18 
Producers 9 8 17 
total 22 13 35 
E 
Users 11 7 18 
Producers 11 6 17 
total 22 13 35 
O-E 
Users 0.2512 0.4250 0.6762 
Producers 0.2659 0.4500 0.7160 
total 0.5171 0.8751 1.3921 
0.2380 p 	nsd 
1 df 
Not all respondents disseminated environmental information or disseminated it to a 
very limited degree. Figures 5.8 to 5.12, below, present bar charts showing patterns of 
dissemination for each group. 
Figure 5-8. Audiences to which Architects disseminated environmental information. 
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Audience for Environmental Information: LAs 
Figure 5-9. Audiences to which LAs disseminated environmental information. 
Figure 5-10. Audiences to which HAs disseminated environmental information. 
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Figure 5-11. Audiences to which MFSs disseminated environmental information. 
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Figure 5-12. Audiences to which MFPs disseminated environmental information. 
The consequences of legislation were strongly evident in the audiences environmental 
information was sent to. LAs, HAs, MFs all reported to regulators/Government but 
architects only reported to Government for PR. 
MFPs distributed environmental information the most widely with information being 
disseminated to those with a direct interest in the company and to those interested in or 
affected by its activities. Architects distributed environmental information the least, 
where dissemination was done it was largely kept to those directly involved in the 
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company with only PR activities seeing environmental information going to Government 
and local communities. 
Sawmillers also carried out limited distribution of environmental information with most 
of it only going to those involved in company activities. The main other audiences for 
environmental information from sawmillers were regulators and Government. 
Environmental information is being used, to a varying and limited degree, to influence 
suppliers. 
HAs and LAs' audiences were fairly evenly split between those directly involved in their 
activities and those affected by their activities. 
5.1.4 Section 4: Relative importance of environmental information 
Figure 5-13. Total frequency of ranks awarded by Users and Producers for the relative 
importance of factors affecting decisions. 
Figure 5.13 shows that Users gave physical performance the highest number of rank 
1s, followed by safety; environmental performance and price were awarded virtually the 
same number of rank 2s. Producers gave price the highest number of rank 1s, followed 
by physical performance, safety and then environment. Table 5.17 presents the Chi 
squared analysis for evaluating if there were any differences between the ranks given 
for each factor. 
5.1 The role of environmental information 	 214 
Rank Env Phys Safety total 
126 
	
40 
2 	47 
	
40 
3 	45 
	
19 
4 	10 
	
7 
5 4 11 11 29 
total 132 117 118 110 477 
68 
28 
14 
5 
38 
39 
12 
10 
172 
154 
90 
32 
Rank 
1 
2 
3 
4 
5 
Env £ 
47.6 
42.6 
24.9 
8.9 
8.0 
42.2 
37.8 
22.1 
7.8 
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42.5 
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total 
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Table 5-17. Chi squared for the ranks awarded to each influencing factor. 
0 
E 
O-E 
Phys Safety 
4 0.148 0.0918 1.074 0.9306 2.245 
5 2.019 2.1238 2.429 2.7807 9.352 
total 28.63 2.8889 24.47 7.8163 63.8 
*** 
Chi squared for combining all responses and looking to see if there were differences 
between ranks given for each influencing factor showed that the ranks given to different 
factors was ***(very highly significantly different). The biggest differences were 
between environmental and physical performance ranked 1, i.e. more ranks of 1 were 
given for environmental and physical performance than expected. 
The only reason that could be satisfactorily assessed using Chi squared to compare 
Users with Producers was 'safety' and then all ranks had to be combined. The results 
are presented in Table 5.18 and shows that Users were very highly significantly (***) 
different from Producers - the biggest difference was that Users gave a higher than 
expected number of 2 rankings and Producers a lower than expected awarding of 2 
rankings. 
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Rank 
1 
2 
3 
9.8 
0.451 
16.21 
Env 
0.1135 
0.1312 
0.4285 
15.22 
2.676 
3.068 
0.0699 
0.3423 
3.6929 
X2 
5E-09 p < 0.001 
3.6 
23.4 
c7% 
N O 
99 110 1 	89 1 416 
- 1-71 O 
w 
C.) 
N N 
ca 
C.") 
N 
0.39 
Users 	0.11 0.19 0.11 0.19 0.61 
Producers 0.11 0.18 0.11 0.19 0.59 
total 	0.22 0.37 0.22 1.2 X2 
0.75 p 	nsd 
3 df 
E 0 
0
N 
- U) 
>, 
N 
w 
C') 
N 
LLI 
N N N 
Users 
Producers 
total 
52 47 206 
58 42 210 
0 - E 
49 54.471 44.07 206 
50 55.529 44.93 210 
99 	110 	89 416 118 118 
61 
57 
46 
53 
58.4 
59.6 
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Table 5-18. Chi squared for rank awarded by Users and Producers to safety. 
0 
rank Users Producers total 
1 19 19 38 
2 27 12 39 
3 1 11 12 
4 1 9 10 
5 6 5 11 
total 54 56 110 
rank Users Producers total 
1 19 19 38 
2 19 20 39 
3 6 6 12 
4 5 5 10 
5 5 6 11 
total 54 56 110 
O-E  
rank Users Producers total 
1 
2 
3 
4 
5 
0 
3 	1  
4 
3 
0 
0 
3 
4 
3 
0 
0.0 
6.3 
8.0 
6.1 
0.1 
total 10.47 10.09501 20.56 
Yates correction not needed 
no cell <5 and grand total >100 
x2 
0.0004 p 
4 df 
*** p<0.001 
The results in Figure 5.13 also show that most ranks were > 3. Combining ranks 1, 2 
and 3, and combining ranks 4 and 5 allowed comparison between Users and 
Producers. Table 5.19 presents the results of Chi squared analysis of Users v 
Producers. Users and Producers were nsd in the number of 1, 2 and 3 ranks given to 
different factors. The same result was found for the awarding of 4 and 5 ranks given to 
different factors by the Users and Producers (Table 5.20). 
Table 5-19. Chi squared for Users v Producers in the awarding of ranks 1, 2 and 3 to the 
different influencing factors. 
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Table 5-20. Chi squared for Users v Producers in the awarding of ranks 4 and 5 to the 
different influencing factors. 
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Figure 5.14 presents the combined totals of ranks 1, 2 and 3 for each group. This 
indicates that environmental performance was placed as the 1st or 2nd most influencing 
factor for product selection for each group. 
Figure 5-14. Frequency of ranking 1, 2 or 3 for each group. 
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5.1.5 Section 5: Sources of environmental information 
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Figure 5-15. Frequency of all ranks awarded by each group for the source of the 
environmental information that they use. 
Looking at rankings awarded by each group presented in Figure 5.15 shows that the 
rankings tended to be 3 or above and that none of the distributions were normal — this 
confirms that the value attached to each ranking is different and that the results cannot 
be analysed using a weighting scheme to sum and assess the results. 
The frequency of each rank for each group was combined to see if the groups differed 
in the ranks they awarded. The results of the Chi squared analysis are presented in 
Table 5.21 below and show that Users and Producers were nsd in the ranks they 
awarded to the different sources of environmental information. 
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Table 5-21. Chi squared analysis of the ranks awarded by Users and Producers to 
different sources of environmental information. 
0 
Rank 1 2 3 4+5 
Not used 
or known total 
Users 
Producers 
19 
23 
33 
18 
30 
17 
25 
15 
8 
11 
115 
84 
total 42 51 47 40 19 199 
E 
Not used 
Rank 1 2 3 4+5 or known total 
Users 24.3 29.5 27.2 23.1 11.0 115.0 
Producers 17.7 21.5 19.8 16.9 8.0 84.0 
total 42.0 51.0 47.0 40.0 19.0 199.0 
Rank 
Users 
Producers  
1 	2 
1.14 	0.42 
1.57 0.58 
0.152883 p 	nsd 
4 df 
Since the terminology used in the survey referred to 1 = preferred, this ranking was 
investigated to determine how each of the sources were rated by the Users and 
Producers. The frequency of awarding the rank of 1 is set out in Figure 5.16 below for 
each source of environmental information. 
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Frequency of 'Preferred' ranking (rank 1) 
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Figure 5-16. Frequency of 'preferred' ranking for sources of environmental information by 
each group. 
Figure 5.16 shows that the Internet received the highest number of `preferred' rankings 
— mostly due to LAs and MFPs. BRE was joint second with Trade Associations. This 
implies that the web is a good way to get uptake of information but worrying as 
information posted on the web is not checked or verified. 
Figure 5.16 indicates that BRE is widely known and used as a source of environmental 
information. BRE tended to be preferred by Users rather than Producers. Perhaps this 
is a reflection of the type of information provided by BRE and the tools that information 
is aimed at. BRE focuses on LCA work leading to the production of environmental 
profiles and feeding into Green Guide ratings, which are in turn picked up by the 
materials sections of BREEAM and EcoHomes' sustainability tools. Producers are 
more likely to be needing information from tools such as environmental audit or risk 
assessment, which BRE has the expertise to do but which BRE has historically done 
for Government rather than for industry. However, BRE does work with, and provide 
information to, Trade Associations, which are consulted by Producers seeking 
environmental information. 
Unfortunately, there were too many expected cells < 5 to use Chi squared looking at 
just rank 1 for Users v Producers. The results were combined for ranks 1 to 3 and the 
Chi squared analysis is presented in Table 5.22. The results show that Users and 
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Producers were nsd in their awarding of ranks 1 to 3 to the different environmental 
information sources. 
Table 5-22. Chi squared analysis for the awarding of ranks 1 to 3 by Users and Producers 
to the different sources of environmental information. 
0 E 
Users 
1 to 3 
Producers 
1 to 3 total 
Users 
1 to 3 
Producers 
1 to 3 total 
BRE 18 3 21 12 9 21 
Environmental 
consultants 10 11 21 12 9 21 
Internet 13 9 22 13 9 22 
Manufacturers 15 11 26 15 11 26 
Press Releases 8 10 18 11 7 18 
Trade Associations 12 11 23 13 10 23 
Other (please state) 6 3 9 5 4 9 
total 82 58 140 82 58 140 
Users 
1 to 3 
Producers 
1 to 3 total 
BRE 2.6415 3.7345 6.3759 
Environmental 
consultants 0.4301 0.6080 1.0381 
Internet 0.0010 0.0014 0.0024 
Manufacturers 0.0034 0.0049 0.0083 
Press Releases 0.6133 0.8671 1.4804 
Trade Associations 0.1607 0.2272 0.3879 
Other (please state) 0.1007 0.1424 0.2431 
total 3.9507 5.5855 9.5362 X2 
0.14559 p nsd 
6 df 
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5.1.6 Section 6: Type of environmental information required 
Figure 5-17. Life cycle stages for which each group required environmental information. 
Figure 5.17 shows that there was interest in all of the life cycle stages for all groups. 
However, this does not reflect the individual responses where very few respondents 
were interested in all stages — mostly they were only interested in the stages that they 
were directly responsible for. This is reflected in the stages associated with property 
ownership (construction, maintenance and repair, use and re-use or recycling) having 
the greatest interest for Architects, LAs and HAs, and the stages associated with 
making and disposing of materials (material extraction, product manufacture, disposal, 
and re-use or recycling) being of greatest interest to the Producers. Table 5.23 
presents the Chi squared analysis investigating if there was a difference between the 
life cycle stages of interest to Users and Producers (to get enough Expected cells > 5). 
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0 
Material 
extraction 
Product 
manufacture 
Construction 
Use 
Maintenance and 
repair 
Re-use or 
recycling 
Disposal 0.20 
0 
0.36 
0 
0.56 
X2 
0.01786 p 
6 df 
total 
Users Producers total 
1.08 
1.47 
0.94 
0.11 
1.72 
1.91 
2.61 
1.68 
0.20 
3.06 
2.99 
4.07 
2.62 
0.31 
4.78 
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Table 5-23. Chi squared analysis to investigate the life cycle stages for which each 
group required environmental information. 
0 E 
Users Producers total Users Producers total 
Material 
extraction 8 10 18 11.52 6.48 18 
Product 
manufacture 9 12 21 13.44 7.56 21 
Construction 17 4 21 13.44 7.56 21 
Use 14 6 20 12.8 7.2 20 
Maintenance and 
repair 19 3 22 14.08 7.92 22 
Re-use or 
recycling 16 9 25 16 9 25 
Disposal 13 10 23 14.72 8.28 23 
total 96 54 150 96 54 150 
The results show that Users and Producers were significantly different (0.01>p<0.05, 
*) in the life cycle stages they were interested in. Users focused on construction 
onwards and Producers on the beginning and end of life. 
Figures 5.18 to 5.22 present the results for the methods used by the groups to get the 
environmental information that they need. The following abbreviations are used in the 
figures: 
LCA = Life 	WLC = Whole Life 
Cycle 	 Costing 
Assessment 
EIA - Environmental 	RA = Risk 
Impact Assessment 	Assessment 
SF = 	 TA = Technology 	EA = Environmental 
Substance 	Assessment 	Audit 
Flow Analysis 
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Figure 5-18. Methods used by architects to gather the environmental information they 
require. 
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Figure 5-19. Methods used by Local Authorities to gather the environmental information 
they require. 
Methods Used: Housing Associations 
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Figure 5-20. Methods used by Housing Associations to gather the environmental 
information they require. 
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Figure 5-21. Methods used by sawmillers to gather the environmental information they 
require. 
Figure 5-22. Methods used by panel producers to gather the environmental information 
they require. 
These results imply that LCA is widely known about and is used by all groups, except 
panel producers, but that it is rarely used to get information for all life stages. This is 
somewhat surprising given that one of LCA's main strengths is its ability to cover the 
whole life cycle. 
Figures 5.23 to 5.26 set out the level of detail in LCA information required by each 
group using LCA to get environmental information. 
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Figure 5-23. The level of detail in LCA information required by architects. 
Level of detail needed: LAs 
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Figure 5-24. The level of detail in LCA information required by Local Authorities. 
Figure 5-25. The level of detail in LCA information required by Housing Associations. 
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Figure 5-26. The level of detail in LCA information required by sawmillers. 
These results indicate that where LCA was done, the group using it wanted to know 
inventory data. Some wanted to do benchmarking (relative to self or industry). Very few 
wanted actual profiles or numeric or rank scores. This finding is at odds with the 
popularity of the Green Guide ABC summary ratings, which are favoured by Architects 
and specifiers because they are simple to use and don't require the user to develop 
their own interpretation of environmental issues and their relative importance. 
It was worrying that very few of the respondents were thinking whole life but this may 
be a reflection of reactive actions in response to legislation etc. rather than looking in 
the round. This implies that education is needed to ensure all are aware of how the 
complete life cycle impacts of products and materials need to be considered to ensure 
the best selection for the whole life not just for the stages of direct interest. This 
focusing on the life cycle stages only associated with the direct responsibilities of Users 
and Producers also generates the potential for conflict between the choices made by 
product designers and the needs of product users. Sustainability demands whole life 
thinking. 
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5.1.7 Section 7: Format of environmental information 
Figure 5.27 presents the frequency of received and preferred formats for environmental 
information received by each group. 
Figure 5-27. The frequency of received and preferred formats for environmental 
information received by each group. 
The results show that environmental information was generally received as paper 
reports. The results also show that most would prefer an electronic system but also 
want paper reports too — often summary rather than full versions. 
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Figure 5.28 shows how the environmental information received was converted into the 
desired format by each group. 
Figure 5-28. The frequency of conversion methods used by each group to transform 
environmental information into their preferred format. 
The results indicate that the conversion was overwhelmingly done in-house though it 
was not clear who was doing the conversion and what conversion they were actually 
doing. 
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5.1.8 Section 8: Professional background 
Figure 5.29 sets out the professional background of the survey respondents. 
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Figure 5-29. The professional backgrounds of the respondents in each group. 
The results show that all of the architects were from purely architectural backgrounds.  
LAs were from architectural (including landscape), engineering or environmental policy 
backgrounds. HAs appeared to have a more diverse range of backgrounds but this was 
largely due to one respondent's background comprising architecture, environmental 
science, management, marketing and product development. 
The manufacturers held the majority of environmental scientists, and also included 
product development, management and Quality Assurance people. The dominance of 
environmental science in the Producers also reflects the Producers' needs to 
understand and comply with legislation. 
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5.2 	Key points from the survey into the role of environmental information 
in companies 
1. The indication from those using LCA was that they wanted inventory data; very few 
wanted actual profiles or numeric or ranked scores. This finding is contrary to the 
popularity of BRE's 'Green Guides' and their summary A, B or C ratings with 
architects and specifiers; it is possible that the survey respondents did not fully 
understand the terminology used to describe the results' options presented. The 
apparent level of understanding of environmental issues in the respondents 
indicates that supplying them with information without meaning would most likely 
result in misinterpretation and application of those results. 
2. Environmental information is usually received by its users as paper reports. Most 
respondents indicated that they preferred an electronic format but also wanted 
paper copies (mainly summary type reports). Environmental information was 
usually converted in-house to the desired format. 
3. The majority of respondents did not have an environmental science background. 
Those that did tended to be in the Producer group, reflecting the need for 
producers to understand and comply with environmental legislation. 
4. There is a demand for environmental information that is LCA-based and brief but 
the audience for it is poorly informed on the issues and methods underlying the 
approach. Users wish to include environmental performance in their product 
selection criteria and Producers wish to distinguish themselves from their 
competitors using this information. EPDs have the potential to be popular but to be 
successful they must incorporate education as well as the presentation of facts. 
The results of the survey into the role of environmental information in organisations 
indicate that whilst environmental information is being used for many applications and 
is widely disseminated, the links between environmental issues and their implications 
were not well understood. This is not unexpected since most of the respondents did not 
have any background in environmental science. 
The results indicate that dissemination methods are needed to enable environmental 
information to assist with: material or product selection, policy decision making and 
public relations. The information disseminated needs to be a mix of detailed information 
with clear, concise explanations of the issues presented and their importance. 
5.2 Key points from the survey into the role of environmental information in companies 	231 
5 Communication - Results and Discussion (environmental information) 
The diagram below illustrates the material needed for the potential dissemination 
approaches. 
Summary Report Public 
♦ Brief background text 
on purpose and 
content 
Relations 
Material Electronic database ♦ Normalised profile 41 
♦ Ecopoints score or product with design tool 
♦ Ranked Score Selection 
♦ Data quality 
indicators Electronic database 
♦ 
♦ 
Certification of data 
Text addressing 
• Sustainability 
Policy • Inventory data 
• Characterised 
profile 
• Land use • Normalised profile 
• Ecopoints score 
• Ranked score 
• Data quality 
indicators 
• Certification of data 
It is important that the intended meaning of environmental results is clearly 
disseminated to ensure that environmental performance can be used more reliably as a 
basis for decision making and information transfer. This would increase confidence in 
the use of environmental information and, in turn, encourage both the use of 
environmentally responsible products, and further improvements in environmental 
performance throughout the construction chain. 
The aim of this thesis was to derive the environmental performance of UK-grown timber 
and to find the most appropriate means of disseminating that information. 
The results of the survey reported here indicate that legislation is the most effective 
way to ensure that environmental issues are given priority, which would demand that 
environmental information was made available and used. This view is supported by the 
work of Revell and Blackburn (2004) who were looking to see if the government's 
support for the ecological transformation theory (Mol, 1997) was shared by Small-
Medium Enterprises (SMEs) in the UK's construction and restaurant sectors. The 
ecological transformation theory holds the view that economic and environmental policy 
demands are complementary; approaches to achieve environmental improvement 
(improved technology, increased efficiency and reduced consumption and waste 
generation) will also cause economic gains, therefore, market forces will drive 
environmental improvements and self-regulation will achieve the objectives of improved 
economic performance and reduced environmental impacts. 
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Revell and Blackburn found that the open structure of the construction sector leads to 
high levels of competition and low profit margins, which puts the priority on cost and 
speed of build with little if any priority given to environmental management. They also 
found that the perception in the building sector (architects and building SMEs) was that 
sustainability was not important to clients and that the clients would not accept the 
perceived higher costs of achieving sustainability even if they were interested in the 
concept. 
Respondents to their surveys indicated that there were no incentives to reduce the 
environmental impacts of building designs (achieving savings during building operation 
usually increases initial capital costs; these costs are with the developer specifying the 
buildings whereas the savings are with the building user) or construction site practice 
(construction energy is usually mains electricity, which is paid for by the client, and the 
view is that it is cheaper in terms of labour costs to buy new rather than re-use material 
or sort it for recycling). 
Revell and Blackburn concluded that, whilst it is unfashionable, state regulation may be 
the only way to bring about change within the SME sector. They noted that the market-
based incentives of the Landfill Tax and the Aggregates Tax had failed to change the 
behaviour of builders (builders perceive it to be cheaper to dispose of rubbish than 
expend time sorting it and the belief that there is no suitable alternative to aggregates 
continues their use). They also point out the success of the revision to Part L of the 
Building Regulations in achieving improvements in energy efficiency in buildings. 
UNEP et al. (2000) conducted a survey into the uses of LCA. As with this study, they 
found that industry tends to use LCA for product design or selection, process 
improvement, and communicating with consumers and stakeholders. They also 
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found that the main drivers for industry using LCA were regulation, and market forces 
(due to pressure from customers, competitors and NGOs). 
Given that there is no legislation driving the uptake of environmental information, it 
seemed most suitable to investigate developing a vehicle that would feed into BRE's 
BREEAM and EcoHomes tools, which are increasing the consideration of 
environmental issues in product selection. The Sustainable Buildings Task Group 
(SBTG) have voiced their support for the approach taken by BREEAM; in their 2004 
report 'Better buildings — better lives', the Task Group recommended that a unified 
'Code for Sustainable Building' should be implemented based on BREEAM. 
There has also been considerable activity in the field of Environmental Product 
Declarations (EPDs) by ISO and others; the SBTG also addressed labelling in its report 
and recommended that the feasibility of introducing an EPD scheme should be 
examined. It, therefore, seemed appropriate to investigate whether EPDs based on 
ISO requirements would effectively communicate both the facts and the context of the 
facts to the audience that can make a difference — the product selectors. 
The following sections focus on testing the usability of the EPD format developed as 
described in section 3.2.2.5. 
5.3 Assessing the Environmental Product Declaration communication 
format 
This section contains two parts. The first part sets out the derivation of the results 
presented in the Environmental Product Declaration (EPD) format derived in section 
3.2.2.5. The second part sets out the results of the usability testing done to see if the 
EPD format would work for a range of audiences. 
5.3.1 Environmental impacts for 1 m2 of external wall with a brick skin and a 
timber frame or a dense block core over a 60-year life 
The results set out in section 5.1 showed that very few people looked at the whole life 
of the materials or elements they were interested in. Consequently, it was decided that 
it was important to ensure that the EPD presented information on the complete life 
cycle. Performance was separated into the three main phases of Raw material 
Extraction and Production (RMEP), Use and Disposal to show Producers that they 
needed to look at the implications of the Use phase for their products; and the users 
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the importance of both RMEP and Disposal for the environmental performance of the 
products they selected. 
An external wall seemed a good choice of building element to present in the EPD 
format. The main reasons for this were the importance of external walls in the total 
impacts of a house (accounting for around 20% of the total impact) and the existence 
of a timber-based option to continue the link with the UK sawn timber industry 
assessment. Timber frame is seeing an increase in its popularity; according to NHBC 
figures, in 2002, timber frame accounted for around 52% of new housing starts in 
Scotland, 5% in England and 6% in Wales. These percentages are expected to rise 
and if the forecast increase in housing (4 million new homes in the South East of 
England) is realised, a substantial number of timber frame dwellings could be built in 
the near future. 
A brick outerleaf was chosen for the external wall, since this is the favoured finish in the 
UK. Timber frame and dense block were chosen as two common ways of constructing 
the external wall. Imported timber is the predominant source of timber frame and so the 
data presented in section 4.2.3 could not be used to represent imported timber (whilst 
the processing technology would be similar, the energy mix, forestry practices, 
transport methods and distances would all be different between Scandinavia — the 
main source of timber imports into the UK - and the UK). A dataset on imported timber 
was, therefore, taken from BRE's database. The BRE database was also the source of 
information on the environmental profiles for brick, dense block, mortar, plasterboard, 
insulation and paint. Both walls were designed to meet the building regulations of 1999 
(where the U-value was set at 0.45 W rn-1 K-1) for a lifetime of 60 yearss. 
s A figure for the lifetime must be chosen to allow the whole life impacts to be calculated and 
compared. The choice of 60 years for the lifetime in the BRE methodology relates to typical 
practice within the UK for activities such as whole life costing. LCA practitioners in other 
European countries often use 55 years for their life cycle. There is potential for the actual period 
chosen to become a point of contention — many buildings last a great deal longer than 60 years. 
This issue can be overcome by regarding the 60 years as a 'study period' during which parts of 
the functional unit are replaced at appropriate service life intervals, with final disposal at some 
future point included in the assessment using current end of life scenarios and models. 
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Table 5.24 sets out details for each material used to make 1 m2 of the two types of wall. 
Table 5-24. Masses of materials used in 1 m2 of the timber framed and block external 
walls. 
Ti
m
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r  f
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e  
Material 
Brick 
Mass (kg) 
174.25 
Lifetime 
(years) 
Data source 
BRE's LCA 
database 
60 
Insulation 2.9 60 
Timber 11 60 
Plasterboard 9.1 60 
Mortar 38 60 
Paint 0.18 5 
D
e n
se
  b
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ck
 
Brick 174.25 60 
Insulation 2.75 60 
Dense block 195 60 
Plasterboard 9.1 60 
Mortar 50 60 
Paint 0.18 5 
The per tonne environmental profile of dense block (characterised and normalised) is 
presented in Annexe E, as an example of the data in BRE's database. Profiles for the 
other materials in the walls (and the timber products) are available on request to BRE. 
The BRE methodology was used to assess the environmental performance of the two 
wall systems over the 60-year life. The methodology assumes that the walls were 
repainted every 5 years and that all the other components would last for 60 years but 
with typically 50% of the material being replaced due to damage or failure. The timber 
frame wall was based on the method of constructing the frame on site, without the use 
of a sheathing material. The model didn't include either a breather membrane or a 
vapour barrier. The timber was assumed to be kiln dried but not preservative treated. 
Figure 5.30 gives the normalised environmental profile for the timber frame and dense 
block external walls. The results show the impact of the wall in terms of the background 
occurrence of that category in the UK. The results show that the impacts of the dense 
block wall were larger in all categories than for the timber frame wall. The results also 
show that the largest impacts were in ME (13% of 1 UK citizen's annual impacts for the 
dense block wall and just under 8% for the timber framed wall), WD and TP&C for both 
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walls. Impacts of up to 1% of the annual impacts of 1 UK citizen were also seen in 
CC100, AD, HT Air, POCP, Eutroph., FFD and WE. There were impacts in all 
categories but those for OD, HT Water and Ecotox. were too small to be seen on this 
scale. 
TP&C 
WD 
WE 
ME 
FFD 
Eutroph. 
Ecotox. 
HT Water 
POCP 
	
HT Air 	 
OD 
AD 
CC100 	 
0.03% 
3 
❑ Tim ber Frame 	❑  Dense Block 
0% 2% 4% 6% 8% 10% 
%of 1 UK Citizen's annual impacts 
12% 	14% 
Figure 5-30. 60-year life normalised environmental profile for 1 m2 of external wall with a 
brick skin and a timber frame or dense block inner leaf. 
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Figure 5.31 presents the environmental profiles in terms of Ecopoints, where the 
normalised impact categories have been weighted using the factors set out in section 
3.1.3.3, Table 3.6, with the annual impacts of 1 UK citizen equalling 100 Ecopoints. 
Figure 5-31. Environmental profile in Ecopoints for 1 m2 of external wall with a brick skin 
and a timber frame or dense block inner leaf over a 60-year life. 
These results show the impacts of the external wall in terms of the importance attached 
to each impact category by the weighting scheme. The high importance attached to 
CC100 is the reason for the category changing from the 5th largest in the normalised 
profile for both construction types to the 3rd largest impact in the weighted profile for the 
dense block wall and the dominant category (very closely followed by ME) for the 
timber frame wall. 
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Figure 5.32 shows how the Ecopoints score breaks down by material component and 
life cycle stage for the two wall systems. 
Figure 5-32. Ecopoints scores by material and life cycle stage. 
These results show that the environmental impact of the external wall is dominated by 
the brick skin, which has the greatest proportion of its impacts in the RMEP stage. The 
impacts of the timber were negative in the RMEP and Use stages (due to the negative 
CC100 impact caused by the uptake of CO2 and the high weighting given to CC100 
impacts) but these benefits were more than offset by impacts caused during Disposal. 
This indicates that the current end of life scenario for timber is preventing it from 
maintaining its initial good performance. 
Modern timber frame is frequently manufactured off-site as timber frame panels and 
incorporate a sheathing material (such as OSB or plywood), a breather membrane and 
a vapour barrier, and sometimes the insulation is added at the factory. Some 
circumstances, and some clients, require timber frame panels to be preservative 
treated. Treatment is usually with the new generation of water-based preservatives that 
include low dosages of active substances such as Propiconazole, Tebuconazole, 
Permethrin, and Disodium Octaborate Tetrahydrate or Sodium Nitrite. Initial 
investigations into the potential impacts of the water-based preservatives now used in 
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the timber frame industry indicated that the impacts were very small compared to the 
impacts of the timber itself. However, whilst waste timber treated with these 
preservatives is classified as 'non-hazardous', a more in-depth study would be 
worthwhile to verify these findings and engage the preservation industry and its 
suppliers in the LCA process; particularly to investigate potential implications for 
recycling or energy recovery processes. 
5.3.2 Usability testing of the EPD 
Usability Testing was performed to assess the ability of the EPD to provide useful 
information on environmental impacts to users that they could correctly interpret. This 
approach was adopted because it was important to see if the EPD approach could 
provide construction professionals with the information they needed to include 
environmental issues in their selection of materials or products. The most productive 
way to see if the information was appropriate was to see if people could readily use it to 
choose between two options. 
The Usability Testing was done via two approaches. In the main approach, test 
audiences were asked to read the EPDs for the timber frame and dense block external 
walls, and the Supporting Information if they wished to, and then to complete a 
questionnaire on the choice they made, and how (if at all) they used the EPD in making 
that choice. This approach was used with timber experts, LCA experts from PRESCO 
and construction professionals, A secondary approach was to send a 'review only' form 
to selected LCA experts, including those on the ISO committees responsible for 
developing environmental labelling and EPDs for construction products. 
The main body of Usability Testing was done via postal surveys, distribution of packs at 
appropriate BRE events and the inclusion of the exercise as part of a BRE workshop 
day on LCA and whole life costing. The 'review only' forms were sent via post and e-
mail. 
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Table 5.25 sets out the test audiences, the approach used with each audience, the 
number of tests sent out and the number of responses received. 
Table 5-25. Usability Testing details for the two approaches adopted. 
Audience Approach Number sent Number received 
Timber experts Usability Test 6 6 
Forestry Sector experts Usability Test 15 3 
Users: HAs, LAs, Arcs, 
EcoHomes assessors 
Usability Test 50 6 
Users: workshop Usability Test 83 83 
LCA experts - PRESCO Usability Test 34 8 
LCA experts - timber Review only 3 0 
TC 59/SC17 and 
TC207/SC3/WG4 
Review only To secretariat 
of both 
committees for 
electronic 
distribution. 
0 
The Usability Testing forms for the postal and workshop testing are included as Annexe 
C. The review only form is also included in Annexe C. 
The results from the postal work are described separately from those for the workshop 
but the two are then drawn together to assess the implications of the Usability Testing 
for employing the EPD format to disseminate environmental information to users. 
The final section discusses the implications of this thesis for the environmental 
performance of UK-grown timber and for the dissemination of environmental 
information to the audiences that can use that information to make informed and 
meaningful choices. 
5.3.2.1 Results from postal Usability Testing 
The results are presented in the same order as they appear in the Usability Testing 
form. Not all respondents answered every question but every response received is 
included. 
Figure 5.33 sets out the responses indicating whether environmental performance is 
currently included in product selection; this question was not answered by the timber 
experts because they do not select products. 
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1. Inclusion of environmental performance in 
product selection 
In future 
No 
Yes 	  
	
1111.111ati 	 
0 	2 	4 	6 	8 	10 	12 	14 
Number of responses 
❑ Timber experts ■ Forestry sector 0 LCA experts ❑  Users 
Figure 5-33. Postal responses on the inclusion of environmental performance in product 
selection 
These results indicate that the majority of respondents do already include 
environmental performance in their selection criteria for products and most of those 
that don't include environmental performance now plan to include it in the future. These 
results imply that environmental performance is important to these respondents, 
although there is the potential that the respondents were wishing to put forward the 
best environmental credentials they could as part of an identifiable response. 
Where environmental performance is included for product selection this was done 
either by including criteria at the design stage or by using the 'Green Guide to 
Specification' to look for A-rated specifications. 
Figure 5.34 shows whether the respondents were able to make a choice between the 
two walls types (and which wall type was chosen) or whether they could not make a 
choice. 
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Figure 5-34. Postal responses on whether a choice was possible between the two walls 
types or not. 
The responses show that all of the timber experts, forestry sector representatives and 
all of the users chose the timber frame wall. Three of the LCA experts chose the timber 
frame wall, one chose the brick and block wall, and two couldn't decide between the 
walls. 
One of the LCA experts wanted to see other types of information included, such as 
durability, maintenance programme, and physical performance. This view was echoed 
by another LCA expert with experience in certification but their wish was to see proof of 
compliance with existing performance standards and building regulations rather than 
the results themselves. One of the users expressed concern about information 
overload if all materials were presented as EPDs. 
Figure 5.35 sets out the information used to make the decision between the wall types. 
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Figure 5-35. Information used by postal respondents to choose wall type 
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These results show that the most used piece of information was the Ecopoints score 
for each wall. This information was used by all of the timber and forestry experts, and 
all of the users; it was used by only one of the LCA experts. 
The results indicate that most respondents looked at the different life cycle stages to 
obtain information. Surprisingly, not all of the LCA experts used this information in their 
decision-making. 
Most respondents looked at the normalised and characterised impacts, with one more 
looking at the normalised impacts than at the characterised impacts. Slightly more LCA 
experts preferred to use characterised data than to use normalised data, but slightly 
more users and timber and forestry experts preferred to use the normalised data. 
The main impact categories used were Climate Change, Minerals Extraction, Acid 
Deposition, Ecotoxicity, and Waste Disposal. Only one of the users looked at specific 
impact categories: Climate Change and Acid Deposition. 
The two main reasons given for using the impact stated was that they were either 
familiar to the respondent or they were felt to cover 'global' issues. The stated reasons 
for impact category choice show that the respondents did not have a full understanding 
of where the impacts they were looking at had their effect. For example, the user who 
stated that they had chosen both Climate Change and Acid Deposition because they 
were global issues was right about Climate Change but wrong about Acid Deposition, 
where the effect is regional. Further, both the timber and forestry sector respondents 
did not appear to know where the impacts were taking place, with the forestry sector 
respondents perceiving all the issues they used to be global with none having regional 
or local effects. This lack of appreciation is not unexpected in those who are not LCA 
experts but it was somewhat unexpected that the LCA experts only gave the reason of 
familiarity for their choices of impact categories examined. 
Most respondents appeared to have used a mix of prior knowledge and figures from 
the EPD to support that prior knowledge. For example, one of the users that chose the 
timber frame wall stated 'knew that brick and block extraction have a big environmental 
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impact'. This respondent also stated that 'timber frame also has good thermal 
performance' indicating that they expected reduced energy consumption in use from 
this construction, even though the stated U-value was the same for both walls. Another 
user chose the timber frame wall despite the fact that they always use 'the tried and 
tested brick/block construction in the past'; they also raised concern about the 
sustainability of the timber. 
One respondent requested that the pie charts be made the same size for ease of 
comparison. Pie charts were used to give some visual variety and the variation in size 
was done to indicate the importance of each life cycle stage. However, a future version 
of the EPD will have to use horizontal bar charts to display the life cycle data to avoid 
the issue of size (though choice of scale range will be important) and to encompass 
negative values caused by timber products in the RMEP and Use stages. 
In summary, the LCA experts preferred disaggregated information to make their own 
judgements during the wall selection exercise whereas all the non-LCA experts showed 
a preference for aggregated information that had some degree of referencing or 
weighting associated with it. However, it was only two LCA experts who were not able 
to find enough information to make a decision between the two walls. 
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Figure 5.36 presents the results of the question asking whether the EPD had helped 
make the choice between the wall types. 
Figure 5-36. Helpfulness of EPD to postal respondents in making their choice between 
the wall types. 
These results indicate that most respondents found the EPD helped them make their 
choice, with only three of the 23 respondents not finding it helpful. However, many of 
the non-LCA experts found the EPD to be too complicated. 
Most of the non-LCA experts found the EPD to be overly complex, presenting too much 
information in too many ways. Users expressed the desire to see the Green Guide 
rating and the Ecopoints score presented first, with the detail there for those that 
wished to look deeper. A forestry expert pointed out that the choice of wall type could 
have implications for other parts of the complete structure — would lighter walls require 
less foundations? This highlights the importance of EPDs being able to link together to 
examine the choices leading to a complete building. It is likely that a tool will be needed 
to stitch the different EPDs together to avoid the circumstances pointed out by one user 
that EPDs for all materials risks users receiving information overload. 
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Figure 5.37 sets out the use of the Supporting Information by respondents whilst 
reaching their decision. 
Figure 5-37. Use of Supporting Information by postal respondents. 
The results show that only the non-LCA experts used the Supporting Information to 
help with their use of the EPD. The section receiving the most use was that on the 
products BRE uses to assess environmental performance. The next most used 
sections were life cycle thinking, impact category explanations, the impacts of human 
activity, the interaction between the impact categories and the glossary. The users 
looked most at the glossary, then the explanations of the impact categories and the 
BRE products for environmental performance assessment. 
One user stated that the Supporting Information gave them much needed background 
and that they felt they were finally beginning to understand what the environmental 
impact categories were about. The timber experts all felt that the Supporting 
Information provided an essential reference source that they would use if they were 
called on to select products for real. 
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Figure 5.38 presents the results for how respondents would wish to evaluate 
environmental impacts for EPDs that gave cradle-to-gate information for a product. 
Figure 5-38. Postal respondents' desired source of post-manufacture environmental 
performance information for product EPDs. 
The results show that only the LCA experts wanted to use their own data to complete 
an assessment of whole life impacts. A forestry expert expressed the view that this was 
an essential step in ensuring that the impacts of an entire structure could be evaluated, 
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Figure 5.39 presents the applications that respondents would use the EPD for. 
Figure 5-39. Applications that postal respondents would use the EPD for. 
The main use of EPDs appears to be for product selection, closely followed by 
providing information to interested parties. It was mostly LCA experts and users that 
saw potential for the EPD to influence the supply chain. 
Figure 5.40 gives the responses for the format that the respondents would like to see 
the EPD take. 
8. Electronic options 
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Figure 5-40. Preferences of the postal respondents for the format that the EPD system 
should take. 
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These results show that an electronic format would be popular, with marginally more 
preference for a web-based format. The interesting thing about these results is the high 
degree of preference for the Supporting Information to be available, including the LCA 
experts, none of whom had used it as part of their decision making. 
Figure 5.41 sets out the level of knowledge and experience that the respondents had 
with LCA. 
Figure 5-41. Level of knowledge and experience of postal respondents with LCA. 
These results show that only two respondents had no previous experience of LCA. 
Most were familiar with some of the terminology used by LCA but not with the method 
used to produce the data. Some of the non-LCA experts had a greater degree of 
familiarity with LCA; although their understanding of the approach is less readily 
gauged but the reasons given by them for the information they used to make their wall 
choice indicate that the level of understanding is possibly lower than their experience 
would imply. 
The overall comments received from the users were very positive about the potential 
for EPDs to help specifiers address environmental performance as part of product 
5.3 Assessing the EPD 	 251 
5 Communication - Results and Discussion (environmental information) 
selection. Comments included 'Yes, I did like the presentation', 'I found the EPD 
package very useful and easy to grasp', and 'I found the EPD format comprehensive'. 
Users also expressed their concern that the EPDs were presented in an affordable way 
and that independent verification of the information in them was done to give 
confidence in the data. 
The LCA practitioners were supportive of the work being done to investigate the EPD 
format but tended to focus on the EPD needing to cover all analysis steps to give 
complete transparency and for valuation to be done by the EPD user rather than 
presented in the EPD. 
There is, therefore, conflict between the desires of the LCA experts for greater detail 
and less aggregation and those of the potential EPD users for more simplification and 
single 'valued' scores. Since the EPD standard is being developed by LCA experts, this 
does not bode well for it being able to meet the needs of the users. 
The questions in the Usability Testing form were set up to both determine whether the 
EPD did help people choose between two products and to provide information on how 
the decision was made. It was envisaged that the responses to particular questions 
would be linked to, or at least influenced by, responses to other questions. 
It was felt that answer to question 9 would affect answers to all other questions, since 
question 9 indicated the level of LCA experience of the person completing the 
questionnaire. It was also felt that: 
• the response to question 1 could influence the answers to questions 3 to 8 
• the answer to question 4 could influence the answers to 7 and 8; 
• the answers to question 5 could influence the answers to questions 3, 4 and 8, 
and 
• the response to question 7 could influence the answers to 3 and 4. 
The responses to questions 2 and 4 (and, to a lesser degree, 7) are key to determining 
the success of the EPD for enabling choice between different products and for 
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disseminating environmental information. Unfortunately, not enough responses were 
received by the postal testing to statistically test for any links between responses. 
However, the results indicate that the majority of respondents could make a decision 
between the wall types and that the EPD did help them to do this. The results also 
show that respondents want to use EPDs to select products and to provide information 
to interested parties. This means that it is highly likely that the EPDs will be used by 
people with little or no background in LCA. 
The perceived over complexity of the EPD strongly reflects the relatively low level of 
experience most of the non-LCA experts have with LCA; familiarity with some of the 
terminology is unlikely to be enough to help a non-LCA expert rapidly absorb the 
information in the EPD or give them the confidence to form an opinion based solely on 
data that has not been interpreted to give it some 'meaning'. The use of the Ecopoints 
score and the Green Guide ratings also reflect the desire of most non-LCA experts to 
be guided by the experts in making sure that the most 'important' environmental issues 
have been addressed; they do not feel competent to assign importance and look to 
experts to do this. 
The LCA experts preferred information that allowed them to do their own interpreting; 
this is perfectly understandable because they should have the knowledge and 
experience (and potentially the time) to achieve this. However, since the objective of 
EPDs appears to be communication of environmental performance information to 
people who are not LCA experts, it is essential that the information can be given some 
meaning to allow these users to correctly interpret and use environmental performance 
information. 
5.3.2.2 Results from workshop Usability Testing 
The questions in the workshop Usability Testing form were virtually identical to those 
for the postal survey; the forms were made slightly simpler and the question about 
preferred format for the EPD was not asked. Consequently, there were eight questions, 
with question 8 being about professional background and LCA knowledge and 
experience. 
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The results are presented in the same order as the questions were asked in the testing. 
Results are presented as the number of responses received; once again not all 
participants answered all questions. 
Figure 5.42 describes the level of use of environmental information for product 
selection. 
1. Include environmental performance in 
product selection 
o Yes 
■ No 
Figure 5-42. Use of environmental information by workshop attendees for product 
selection. 
These results show that the majority of respondents (69%) were not currently using 
environmental performance as a product selection criterion. The reasons why they 
respondents were not currently using environmental performance included: 
O Lack of time 
O Lack of knowledge 
O Not required by clients or company 
O No funding available for this activity. 
The ways that the remaining 31% were using to include environmental performance as 
a product selection criterion included: 
0 Energy consumption (embodied in product and consumed during life time) 
O Recycled or 'environmentally friendly' products 
0 Literature — from manufacturers and from sources such as BRE's Green Guides 
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0 Personal belief and best guess. 
Figure 5.43 sets out the information received on the criteria currently being used to 
select products. 
1. a Selection criteria 
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Figure 5-43. Criteria used by workshop attendees to select products. 
The results show that price and performance dominant the criteria used for product 
selection. The main 'other' criteria were aesthetics and site specific restrictions. 
The responses from the workshop attendees are slightly at odds with those from the 
survey on the role of environmental information. The responses under section 5.1.4 
indicated that order was: physical performance> safety> environmental performance 
price. The emphasis on price implied by the workshop attendees is possibly more 
indicative of the true status of price in practice and indicates the 'honesty' benefit of 
anonymous testing. 
Figure 5.44 presents the results on whether it was possible to choose a wall type (and 
which type chosen where a choice was made) by the workshop attendees. 
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2. Wall choice 
6 	1  
CI Timber frame 
❑ Brick & Block 
❑ Couldn't decide 
Figure 5-44. Workshop responses on whether a choice was possible between the two 
walls types or not. 
These results indicate that 99% of respondents did choose between the two wall types; 
only one person felt unable to make a choice. Comments indicated that the choice 
would depend upon whether the building was domestic or commercial, with 
respondents feeling that the brick and block option was more appropriate to the 
demands placed on a commercial building. 
Figure 5.45 describes the information used to reach the decision on wall type. 
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These results show that the Ecopoints score was the most used piece of information; 
87% of the 79 people using the information in the EPD to make their choice between 
the walls used the Ecopoints score to help their decision (4 respondents use brick and 
block exclusively, so chose that type). Seven people only used one piece of 
environmental information; they all used the Ecopoints score. 
Life cycle stages were used to assess impacts, with Raw Materials Extraction and 
Processing receiving the greatest degree of attention. Normalised impacts were 
favoured over characterised impacts. The four impact categories receiving the most 
use were Minerals Extraction, followed by Waste Disposal, then Climate Change and 
finally Transport Pollution and Congestion. The main reason given for choosing the 
impact categories used was that they were global; the next biggest reason was that the 
category was a familiar one. Once again the categorising of impact categories as 
'global', 'regional' or 'local' by the respbndents is at odds with where the effects are 
actually occurring, implying a misunderstanding of the terminology or the impact itself. 
The results strongly indicate that the users wish to have information with meaning 
attached — they don't want to have to develop the expertise needed to attach 
importance to the plain facts. This is backed up by comments such as 'I can't 
evaluate/prioritize any one impact category above any other — I don't know the 
likelihood/consequences risk evaluation.' 
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Figure 5.46 sets out the views of the workshop attendees on the helpfulness of the 
EPD. 
Figure 5-46. Workshop attendees views of the helpfulness of the EPD. 
The results indicate that the majority of workshop attendees (93%) found the EPD 
helpful. However, 30% of those that said 'yes' also said that it was too complicated. 
Most comments were that there was 'too much information', that it was `too technical' 
or 'too scientific'. Many people said that they felt they did not have enough time to do 
the exercise and this may be a big factor in their perception that the EPD was too 
complex — it is essentially the same information presented in different ways throughout. 
One user made the same point as the forestry expert that there is no way to tell how a 
decision made on the wall type will affect the performance of the building (this time the 
comment related to achieving higher thermal performance in the wall and reducing life 
time energy consumption). 
Another user's comment indicated that whilst they used the ecopoints score in their 
decision they had not grasped that more ecopoints means worse environmental 
performance — this is an inherent danger in the ecopoints concept because the main 
schemata people have of points is that the more you have, the better you have done. 
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Figure 5.47 shows the level of use of the Supporting Information by the workshop 
attendees. 
5. Use of Supporting Information 
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Figure 5-47. Workshop attendees' use of Supporting Information. 
These results indicate that more attendees used the Supporting Information than didn't, 
with the section explaining the impact categories receiving the most attention (used by 
36%). This level of usage is impressive given the very limited time available to 
attendees to complete the exercise (15 minutes to read two EPDs, and any Supporting 
Information, before making a decision and completing the form). The main reason 
given for not using the Supporting Information was the lack of time available. 
Figure 5.48 shows how attendees would prefer to receive information on the life cycle 
impacts to add to an EPD addressing up to product manufacture. 
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Figure 5-48. Workshop attendees' preferred source of post-manufacture life cycle 
impacts. 
These results indicate that the overwhelming preference was to have the data provided 
as an EPD and not to use their own data. 
Figure 5.49 shows the applications that people would use the EPD for. 
7. Use for EPD 
0 Product selection 
o Influencing supply 
chain 
■ Informing interested 
parties 
Figure 5-49. Applications that the workshop attendees would use the EPD for. 
These results show that EPD would be used most for giving environmental 
performance information to interested parties (41%). 32% would use it for product 
selection and 27% for influencing the supply chain. Again the applications indicate the 
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desire to transfer environmental information to people with little or no background in 
LCA. 
Figure 5.50 shows the level of knowledge and experience of LCA for the attendees. 
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Figure 5-50. Workshop attendees' experience with and knowledge of LCA. 
These results show that most attendees had very little if any experience with, or 
knowledge of, LCA: 37% had no experience, and 42% were familiar with some of the 
terminology. No-one had any direct experience of using LCA, which is not surprising. 
These findings show that the attendees wish to use EPDs to impart environmental 
information to interested parties and to select products. But they have no background 
in the field, and the indications are that they are highly likely to misinterpret the factual 
information and pass that interpretation on to others. This combination of 
circumstances strongly indicates the need for any EPD scheme to provide education 
and support to those owning the EPDs and those using them. Otherwise a valuable 
opportunity for aiding the use of environmental performance information in product 
selection, communication and policy decision making will be lost. 
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Overall comments reiterated the desire to see a much simplified format with the 
emphasis on interpretation rather than plain facts. For example, 'The EPDs are very 
complicated and need to be simpler for clients (non-technical) to understand.', 'EPDs 
too complex for everyday use. Information needs to be produced in a more simplistic 
form.', and Try to simplify it more.'. 
Direct feedback at the meeting showed that the attendees recognised the strength of 
LCA's 'holistic' approach but that they were wary of the complexity of the method and 
the jargon associated with it. They also appreciated that the detail included within the 
EPDs was necessary but felt it should be there as a supporting back-up to the single 
score, valued environmental measures of ecopoints and Green Guide ratings. Concern 
was also expressed in ensuring that the information contained in the EPD related to the 
product available now. 
Attendees liked being able to place the two EPDs next to each other to allow direct 
comparisons, which would not be so easy to achieve in an electronic format. However, 
they emphasised the need for an EPD to be part of a larger system for assessing and 
evaluating the environmental impact of complete buildings. They also identified the 
importance of the system being run by competent, independent 'authorities' in the 
subject area. 
The larger size of the workshop testing meant that statistical analysis of the results 
might be possible. The potential for analysis of any links between responses was 
investigated in the responses to questions 2, 4 and 7. 
The link between wall choice and LCA knowledge and professional background 
(question 2 with question 8) was investigated first. 
Responses revealed that 76 attendees chose the timber frame wall, 6 chose the brick 
and block wall and 1 couldn't decide between them. 14 didn't state their level of 
familiarity with LCA and were, consequently, excluded from the analysis. 68 attendees 
stated their professional background: 18 architects; 23 surveyors (including quantity 
surveyors); 19 engineers, and 8 'other' (including energy officers and project 
managers). 
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The potential influence of the degree of familiarity with LCA on the choice of wall was 
investigated by combining all 'familiar with' responses into 'familiarity'. Chi squared was 
then used to see if the type of wall chosen depended on whether the respondent was 
familiar with LCA or had no previous experience. The results of the Chi squared 
analysis are presented in Table 5.26. 
Table 5-26. Chi squared analysis of the influence of LCA experience on choice of wall 
type by workshop users. 
0  
Timber 
frame 
Brick 
and 
Block Total 
no previous 
experience 
Familiarity 
26 
38 
3 
2 
29 
40 
Total 64 5 69 
E 
Brick 
Timber and 
frame Block Total 
26.9 2.1 29 
37.1 2.9 40 
64 5 69 
O-E 
Timber 
frame 
Brick 
and 
Block Total 
no previous 
experience 
Familiarity 
0.03 
0.02 
0.4 
0.3 
0.41 
0.30 
Total 
This finding needs to be treated with caution, for two reasons. The first is that the Chi 
squared result is based on the statement by Cochran (1954) that it is acceptable to 
have more than 20% of the expected cells with less than 5 results in because none of 
the expected results was less than 1 and there was only 1 degree of freedom. The 
second reason is that only 6 respondents chose the brick and block wall; 4 of those 
chose it because this is the sole construction method they use, and the choice had 
nothing to do with environmental performance or their knowledge of environmental 
performance. 
It was not possible to ascertain if professional background influenced the choice of wall 
type because too many expected cells were less than 5 and there were 3 degrees of 
freedom. Again the influence of background on choice is made difficult by the low 
number selecting brick and block, and the main reason that brick and block was 
selected. 
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There is a possible link between whether environmental performance is used or not 
used already in attendees' organisations to aid product selection and the perceived 
usefulness of the EPD (questions 4 and 1). Investigating this link required responses 
on the usefulness of the EPD to be combined into 'yes' or `no'. 
The results showed that 52 people whose organisations were not currently using 
environmental performance as a product selection criterion thought that the EPD was 
useful. However, 11 of those (21%) thought that the EPD was too complex. 23 people 
whose organisations did use environmental performance as part of product selection 
also thought that the EPD was useful but 11 (48%) thought it was too complicated. This 
implies that a pre-existing recognition of environmental performance as a product 
selection criterion does not mean that the information presented in the EPD will be 
made easier to understand. 
Table 5.27 presents the results of Chi squared analysis. 
Table 5-27. Chi squared analysis of the influence of current use of environmental 
performance in product selection and perceived helpfulness of the EPD for the workshop 
users. 
0 
	
E 
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Yes 23 2 25 23.1 1.9 25 
No 52 4 56 51.9 4.1 56 
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Yes 0.0009 0.0119 0.0128 
No 0.0004 0.0053 0.0057 
Total 0.0014 0.0171 0.0185 X2 
0.8918 nsd 
1 	df 
These results indicate that there was no link between perceived helpfulness of the EPD 
and the current use of environmental performance for product selection. 
There was also the potential for the perceived helpfulness of the EPD to be affected by 
the level of LCA experience (questions 4 and 8). The analysis was done by combining 
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all 'familiar with' responses into 'familiarity'. Table 5.28 presents the results of the Chi 
squared analysis. 
Table 5-28. Chi squared analysis of the influence of LCA experience on the perceived 
helpfulness of the EPD for workshop users. 
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These results indicate that LCA experience did not influence perception of the EPD's 
helpfulness. 
The workshop results provided a valuable data set, not only in terms of the number of 
responses (a direct benefit of a captive audience) but also in terms of the immediate 
response of people expected to make a decision using information that they don't have 
much time to assess, from a field that they are not familiar with. This seems to be a 
realistic set of circumstances for most users that are likely to encounter EPDs. The 
anonymity of responses seems to have increased the degree of honesty in response; 
the pressure to be seen to have environmental credentials was not there. 
As part of any discussion on the usefulness of the EPD format, it is important to look at 
how architects and specifiers currently select products. Architects are mainly interested 
in the look and function of a building. The designs they produce are generally directed 
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by the expectations of the clients and are based on the location and purpose of the 
building. The materials used to achieve the building design often follow from the client, 
the location and the purpose of the building. When it comes to selecting the specific 
materials, architects tend to use source books such as the RIBA Product Selector 
(RIBA) and the Bricsnet (Bricsnet) (which replaced the Architects Standard 
Catalogues). Both of these publications contain information on producers and suppliers 
of the materials making up all building elements and services. Architects tend to stick 
with companies that either have a long history of their own, and are known within the 
industry to reliably provide products of the required quality, or companies that the 
architect has direct experience with and knows that the company will achieve the 
required quality and delivery times. Specifiers are also likely to restrict their choice of 
materials to those that they know from companies they trust. 
Architects receive very little training on the mechanical and physical properties of 
materials and look to structural engineers to ensure that the building will work 
structurally. The architect may say that they want timber to be used but the engineer 
will decide on the species and dimensions needed to achieve the structural purpose. 
The engineer will be comfortable with the presentation of data in the form of graphs or 
tables but is generally not the person deciding which material will be used. Specifiers 
may have less training than architects and may be constrained by company policy and 
guidelines. 
Whilst architects and specifiers may be keen to consider the environmental 
performance of the materials used in their buildings, they have so many other factors to 
address (including cost, availability and proven reliability) that including environmental 
aspects must be made as easy as possible for them. Schemes such as BREEAM and 
EcoHomes are forcing architects and specifiers to consider environmental performance 
but the summary ratings are the level of detail that most rely on. Eco-conscious design 
appears to be almost a luxury that can be embraced by only a few select architectural 
practices for enlightened clients. 
The ISO for Type III environmental declarations for construction materials and 
elements has been issued as a draft international standard: ISO/DIS 21930 
'Sustainability in building construction — Environmental declaration of building 
products'. Voting on the draft began in March 2005 and will end in August 2005. 
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The document has changed since the version used to develop the EPD tested here, 
mainly in that it now addresses the need for Product Category Rules (PCRs) to be 
established; existing EPD schemes had developed Product Specific Requirements, 
which were doing the job of PCRs. The information required to be presented in the 
EPD remains at the same high level of detail and no interpretation of the data is 
permitted. A review of ISO/DIS 21930 reveals the following points: 
1. The document is very confusing in its structure and use of terminology (e.g. it uses 
the LCA employed term 'normalisation' in defining the functional unit and the 
'declared unit' but insists that it is using the term 'in its mathematical sense' -
'normalisation' as part of LCA is still used in 'the mathematical sense' because 
normalisation means adjusting your data to be comparable, whether that is 
achieved by converting to logo, loge or dividing by a reference amount). 
2. Whilst ISO/DIS 21930 states that its purpose is 'to describe the principles and 
framework for the environmental declaration of building products' and that it 
expects the standard 'to form the basis for programmes leading to the 
environmental declaration of building products as described in ISO/CD 14025. The 
document doesn't really seem to have decided who it is for and what the audience 
is supposed to do with it. If it's for LCA experts setting up an EPD scheme, then it 
contains too much information on LCA (could just refer to other standards: ISO 
14040 series and ISO 14020 series) and too little information on setting up PCRs 
and an EPD scheme. If it's for the users of EPDs, then it's got too little structure and 
lacks explanations of the methodology and terminology, and information on how to 
use EPDs that they would need. 
3. There is a serious over-expectation of the capacity for the intended users of EPDs 
to use the information in EPDs to evaluate design choices for a whole building. The 
Introduction states that 'The user asks for non-biased information...' and takes that 
to mean 'plain facts' rather than 'plain facts obtained in an unbiased way and then 
interpreted for use'. The presented here shows that people in the UK choosing 
building products don't have the time to learn how to use 'unbiased' environmental 
information. They expect 'experts' to interpret the environmental performance 
information and give them the 'answer'. They do not feel comfortable assigning 
importance to different environmental issues - they don't always know what the 
environmental issues are, let alone whether one is more important than another. 
There is huge potential for users to misapply information from EPDs and to draw 
inappropriate conclusions on the best environmental option for a whole building. 
4. The language is difficult and there is an enormous amount of repetition (which 
could be resolved by getting a better structure). Currently, 'life cycle' is spelled as 
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'Life Cycle', 'life cycle' and 'life-cycle'! However, sometimes terminology or concepts 
are used without any explanation at all (e.g. impact categories and project report). 
5. The document would benefit hugely from being restructured around the activities 
needed to get to an EPD as illustrated in Figure 5.51 below. 
A. Establish PCR 
B. LCA 
product (cradle-to-gate) 
or 
building element (cradle-to-grave) 
or 
both product and building element 
C.1. Project report 
 
C.2. EPD 
a) cradle-to-gate 
Or 
b) cradle-to-grave 
Figure 5-51. Diagrammatic representation of the steps needed to produce an EPD under 
ISO/DIS 21930. 
The ISO EPD format presents far more information than most architects or specifiers 
have the time to consider, and is meant to be presented without any meaning. It is 
unlikely that this will help UK architects or specifiers to include environmental 
performance in their material selection and that the format proposed by ISO is still 
mainly useful for business to business communication or for LCA experts to translate 
into meaningful information for architects and specifiers to use. Until the information 
gets to those that choose the materials, it will not achieve the purpose of enabling 
environmental performance to become an easily used product selection criterion. 
The literature review did not find any published work investigating the development or 
use of EPDs. However, ERM (2002) evaluated the following schemes for construction 
product EPDs: AIMCC (France); AUB (Germany); BRE (UK); MRPI (NL); RTS 
(Finland), and SIA (Switzerland). They found that only the AIMCC and BRE schemes 
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met their criteria: quantified environmental data; preset categories of parameters; 
programme based; quality assurance; participation of interested parties, and life cycle 
considerations. These findings support the choice of BRE's methodology for deriving 
the data included in the ISO-based EPD. 
ERM also reported that the UK government did not wish to pursue a national Type I 
ecolabel scheme in the UK. They found that the UK government wished to see Type II 
claims strengthened and to encourage standardised Type III declarations from industry 
plus extending 'regulated EPDs' (like the EU energy label) to cars and homes. 
ERM stated that Defra officials see significant potential for EPDs for developing the 'big 
picture' — a full flow of helpful environmental information right through the supply chain, 
from raw materials through to final product purchase. Defra see this information helping 
in business-to-business transactions, and forming the building blocks for a much fuller 
supply of information right through the market. Defra regard EPDs as a powerful 
complement to the role of Environmental Management Schemes (EMSs). 
The potential for EPDs to become a powerful source of environmental information 
dissemination could be boosted by green public procurement (EPDs could help make 
the process more systematic), and as a means of dialogue between government and 
business sectors to broker agreements on suitable ways to declare environmental 
impacts, and the performance of goods and products. 
The Sustainable Buildings Task Group has also expressed its support for EPDs; an 
EPD scheme would have to be voluntary because, as they point out, the Construction 
Products Directive prevents a mandatory scheme. However, their demands for what an 
EPD scheme should be able to do presents an enormous challenge: 'avoid built in 
obsolescence arising from ongoing and improving standards', 'not only facilitate choice 
between similar products but also provide information to help consumers make 
informed choices on alternative products or designs' (at the product and building 
levels), be used by the DIY market as well as the construction industry, and be ISO 
14020 compliant. Their wishes clearly reflect the need for EPDs to link together and 
contain information to which no judgments have been applied (i.e. no valuation) but 
they also want the information to be readily 
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accessible to the DIY market and to help consumers make 'informed' choices — the 
work presented here strongly shows that the users for EPD information want the 
information they use to have importance already attached to it by 'experts'. 
5.4 Key points from the assessment of the Environmental Product 
Declaration communication format 
1. Postal survey results for Usability Testing of the EPD format developed in this 
thesis indicated that the EPD could be used to help decide between a brick and 
block external wall system and a timber framed external wall system in terms of 
their environmental performance. The majority of respondents chose the timber 
frame option, which had the lowest overall environmental impact. 
2. The Ecopoints score was the most frequently used measure for the majority of the 
non-LCA experts (if only one measure was used, it was the Ecopoints score), 
closely followed by the Green Guide rating. 
3. LCA experts preferred to use the characterised impacts and most (but not all) 
looked at the impacts in the different life cycle stages. LCA experts only looked at 
impact categories they were familiar with. 
4. There was a distinct polarisation in views: LCA experts wanted disaggregated 
information to make their own judgements with; non-LCA experts wanted 
aggregated information that had some degree of referencing or weighting attached. 
5. Many non-LCA experts found the EPD too complex and weren't sure what to do 
with much of the information presented. 
6. Only some used the Supporting Information but the majority of respondents (LCA 
experts and non-experts alike) wanted Supporting Information to be included in an 
electronic tool. 
7. Only the LCA experts wanted to add their own life cycle impacts to EPDs describing 
cradle-to-gate impacts; all non-experts wanted post-production impacts to be 
produced in the EPD format. 
8. Respondents stated that they would use the EPD for: product selection > informing 
interested parties > influencing the supply chain. Consequently, EPDs are highly 
likely to be used to communicate environmental information to people with little or 
no prior knowledge of LCA. 
9. The results from the workshop Usability Testing were anonymous and the need to 
'be seen to be green' was therefore removed. This appears to have increased the 
honesty of the answers supplied, in that the responses indicated that price and 
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physical performance were the dominant factors in product selection. These results 
are in accord with those of Revell and Blackburn (2004). 
10. Many of the workshop participants are including environmental performance in their 
product selection criteria by looking at energy consumption, recycling, published 
literature, and their personal beliefs and best guesses. 
11. The participants that were not including environmental performance as a product 
selection criterion were not doing so because they didn't have enough time or 
knowledge to do it, and the funding wasn't available to develop this skill, plus 
clients were not asking for environmental performance to be included. 
12. The majority of respondents could choose between the wall systems and most of 
these chose the timber frame wall. 
13. Again, Ecopoints was the most frequently used piece of information; where only 
one measure was used to make the decision, it was the Ecopoints score. 
14. The majority (93%) found the EPD helped their decision but 30% of those felt it was 
too complex. Most comments were that there was 'too much information', that it 
was 'too technical' or 'too scientific'. 
15. Although time was very limited, some used the Supporting Information and found it 
very useful. 
16. The majority wished to see post-manufacture impacts in the form of an EPD rather 
than to generate these impacts themselves. 
17. Informing interested parties and product selection were again the main applications 
seen for the EPD but others also recognised the potential for EPDs to be used to 
influence the supply chain. 
18. The backgrounds of the respondents revealed that they had little or no previous 
experience with LCA. Again underlining the fact that EPDs are likely to be used by 
those with little grasp of LCA to impart environmental information to others with an 
equally limited understanding of the method and associated issues. 
19. It was anticipated that the responses to some questions would be influenced by the 
responses to certain other questions. However, no statistically significant influences 
were found. 
The next chapter presents the conclusions drawn from the work assessing the 
environmental performance of UK-grown sawn timber products and investigating the 
best way to provide that information to users. 
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The conclusions drawn from this work are presented below in three sections: 6.1 LCA 
and the assessment of UK sawn, softwood timber products; 6.2 communication of 
environmental information; and 6.3 general conclusions, followed by recommendations 
for future work. 
6.1 LCA and the environmental performance of UK sawn, softwood 
timber products 
The following conclusions have been drawn from the examination of LCA and the use 
of LCA to investigate the environmental performance of home-grown, sawn softwood 
products in the UK: 
1. 888 MJ of primary energy were needed to saw 1 m3 of softwood, 1,195 MJ to kiln 
dry and 60 MJ to preservative treat it. These results are nearly double those of 
FrOhwald et al. (1994), about a third higher than Richter's (1993) and 15% higher 
than Meil's (1998) for sawing. But the results for kilning are about half those of 
Fruhwald et al., a third less than Richter's results and roughly a quarter less than 
Meil's. However, the boundaries, methodology and analysis for those published 
studies are not clear and it is likely that they differ from those for the study 
presented here. 
2. The normalised environmental profiles for 1 m3 of UK softwood indicate that the 
importance of processes causing impacts was: kilning and treating > sawing > 
kilning > treating. The total normalised impact for any of the 4 processes was less 
than 6% of 1 UK citizen's annual impacts. 
3. The impacts from sawing were mainly associated with the transport of logs to the 
mill and the consumption of fuels and energy during processing. The impacts from 
kilning were mainly due to the consumption of fuels and energy during the process 
and the transport of these fuels to the mill. The impacts from treating were mainly 
caused by the production of the CCA used to preserve the timber. 
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4. The impacts of sawn timber are dominated by the impacts coming from forestry, 
and the impacts of kilned, treated, and kilned and treated timber are dominated by 
the impacts of the sawn timber. The largest damaging impact was in ME (around 
8% of 1 UK citizen's annual impacts) with the remaining impacts generally being 
less than 5% of 1 UK citizen's annual impacts. Trees take up atmospheric carbon 
dioxide (CO2) as they grow ('carbon sequestration'), which offsets Climate Change 
(CC100) impacts. There was enough carbon sequestered in the softwood products 
to result in the total CC100 impact being negative (i.e. beneficial) for all softwood 
products at the mill gate (i.e. cradle-to-gate). 
5. Projecting the environmental impacts of UK timber to examine the environmental 
impacts of the total annual production of UK-grown sawn softwood, indicates a 
potential impact equivalent to about 1% of the UK's annual environmental impacts. 
6. The end-of-life scenario for timber in the UK was modelled as: reclamation or 
recycling; burning (with or without energy recovery), and landfill. This results in 
impacts in the CC100, AD, HTox. Air, S. Smog, Eutroph. and WD categories. 
Inclusion of the end of life CC100 impact for timber products from this scenario 
results in the Climate Change impact of timber becoming 'damaging' over the 
whole life cycle. 
6.2 	Communication of environmental information 
The following conclusions have been drawn from the investigation into the role of 
environmental information in construction related companies and the assessment of 
EPDs as a means of providing environmental information to those wishing to use it: 
7. The link between energy use, Climate Change and Global Warming is not well 
understood by people without a background in LCA or related disciplines. 
Additionally, many issues regarded as environmental by non-LCA practitioners 
cannot be successfully addressed by LCA. 
8. Legislation was a key reason why issues were regarded as environmental. Users of 
environmental information tended to focus on issues related to property ownership 
and material manufacturers on issues related to production and disposal of 
products. 
9. ISO/DIS 21930 is a difficult document to use, whether 1) as an LCA expert wishing 
to set up an EPD scheme (too much information on LCA and not enough 
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on establishing and managing an EPD scheme) or 2) a potential EPD user 
(unhelpful structure, not enough detail on methodology and terminology of EPDs, 
and no guidance on how to interpret the EPD information). 
6.3 Overall conclusions and recommendations for future work 
The following points set out the general conclusions drawn from this work: 
10. This study has provided environmental performance information on UK-grown and 
processed sawn, softwood products. This information was not published prior to 
this work and the work provides an important set of results for one of the UK's three 
main construction materials. The work, therefore, succeeded in its aim to evaluate 
the environmental performance of UK-grown and processed sawn softwood; the 
information has been added to a wider database used to assess the environmental 
impacts of construction materials. 
11. The work revealed that businesses need a great deal of help to both gather the 
data that LCA requires and to understand the LCA process and its outcomes. 
Businesses are keen to demonstrate their 'green' credentials and the timber sector 
is firmly attached to the early life advantages of timber but less engaged in the 
consequences of disposal. 
12. The work also appears to have been successful in answering the second of the 
questions it posed on the communication of information to the users of construction 
materials, in that the EPD format developed could be used by these people to 
choose between construction options. The work was also successful in developing 
educational material that supports the learning needed to understand and interpret 
the information in the EPD. However, much work remains to be done to ensure that 
the EPD can become part of a successful scheme that provides information at both 
the product and the complete construction level. 
13. The communication work also revealed that LCA experts and those using LCA 
information have very different expectations and requirements for the production of 
environmental information for communication. LCA experts want disaggregated, 
unvalued data, whereas material selectors want clear answers to the question, 
'Which option is best for the environment?'. LCA practitioners need to focus more 
closely on the needs of the audience for their information, to ensure that the users 
get what they need and that there is minimal risk of misinterpretation or 
misapplication of the results. 
14. The main priority identified from this work is the need to provide a coherent EPD 
scheme that meets the needs of the users. To achieve this requires simplifying the 
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EPD and establishing a training programme that equips people with the information 
and support they need to use LCA-based environmental information. The aim 
would be to ensure that EPDs fulfil their potential role of helping people to 
understand the environmental implications of the choices they make. 
Recommendations for future work 
This study identified a clear potential to further research and develop EPD schemes to 
meet communication needs for environmental information in the construction sector. 
The following recommendations can be given for further research to address: 
• a simplification to EPDs so that they better present the information users 
need to make balanced environmental choices and to understand the 
consequences of those choices. 
• methodologies for combining EPDs to assess complete structures. This 
model would benefit from options for changing replacement intervals, and 
end of life scenarios, so that buildings or structures with lifetimes of greater 
or less than 60 years can be considered. 
• a fully interactive EPD scheme containing readily accessible supporting 
information; for example, a web-based system. The scheme would also 
require detailed LCA reports containing information and data that can be 
checked by experts and used to apply alternative LCA methods if wished. 
• training programmes to enable architects, specifiers, small-medium 
enterprises employing fewer than 50 people (SMEs), retailers and clients to 
use EPDs effectively. 
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A 	INTRODUCTION 
The project has been established under the DETR's Partner's in Technology 
programme in response to the growing demand for information on the environmental 
impacts of timber and timber products. It brings together experts from the field of 
environmental performance assessment with those from the UK forestry, sawmilling 
and panel producing industries. 
This project aims to develop an accurate picture of the environmental benefits and 
burdens of forestry, sawmilling and panel production in the UK. The project will use the 
techniques of life cycle assessment (LCA) and will aim to build on these to develop 
means of accounting for factors such as the relatively long timescales of producing the 
raw product and the highly important non-market aspects of forestry. 
The project will cover the first two stages (raw material extraction and primary product 
manufacture) of a full life cycle. This information will then be available to be taken 
forward into the further stages of installation, service life (including maintenance and 
repair) and disposal (including recycling or re-use) to give a complete life-time 
assessment of the environmental performance of many different timber-based 
components. 
The following sections set out in detail what the project is to achieve, what it will cover, 
how the assessment will be made and what information is needed. They are based on 
documents published by SETAC and ISO. 
B PARTNERS 
The partners in the project are: 
Building Research Establishment Ltd (Co-ordinator) 
Department of Environment, Transport and the Regions 
Forestry Industry Council of Great Britain 
Forestry Commission 
Imperial College 
Timber Growers Association 
United Kingdom Forest Products Association 
Wood Panel Industries Federation 
C 	OVERALL GOAL 
The overall goals of the project are: 
* to refine the methodology of LCA to give a robust and relevant evaluation of the 
environmental performance of the UK forestry, sawmilling and panel product 
industry sectors 
* to determine both the positive and negative environmental effects within each sector 
* to provide clear and unambiguous information on the environmental effects of 
producing UK-grown timber products used in construction 
* to disseminate the findings to industry and Government 
The Government has two principal goals for the project: 
1. to provide information on the environmental performance of products as they leave 
the forest or mill for use by any interested party (external application); 
2. to assess the environmental performance of the processes of producing forestry 
products so that means of improvement can be identified (internal application). 
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D OVERALL SCOPE 
* as full an assessment as possible for each sector ensuring that each assessment is 
compatible with the others 
* consider as complete a range of environmental issues as possible 
E ASPECTS COMMON TO ALL SECTORS 
El 	Boundary setting 
The project will consider the system shown within the dashed border in Figure 1 below: 
          
    
Forest 
  
   
   
  
Sawrrill 
    
Panel 
mill 
 
          
MI I product MI I product 
Figure A. The general processes of the system under study: a 'cradle-to-gate' analysis 
The boundaries will be set to include all substances that are present in the final product 
and the production of energy supplies. The production of significant ancillary materials, 
e.g. capital equipment and pesticides, will also be included, initially on an energy only 
basis. Their significance will then be assessed and further investigations done if 
necessary. 
E2 	Data categories 
The categories for which data will be gathered are: 
Inputs: energy; raw materials; ancillary materials 
Products: all physical products will be included 
Emissions: to air; to water; to land 
Additional information will be sought, but may be difficult to obtain, for 
vibration/sound; land use; odour (atmospheric concentration if possible); dust 
E2.1 Environmental impact categories 
The following environmental impact categories will be considered: 
Climate Change Acid Deposition Ozone Depletion Human Toxicity to Air 
Photochemical Ozone 
Creation (Summer 
Smog) 
Human Toxicity to 
Water 
Ecotoxicity Eutrophication 
Fossil Fuel Depletion Mineral Extraction Water Extraction Waste Disposal 
Transport Pollution & Congestion 
Non-market aspects: Externalities of forestry include ecosystem services, such 
as the provision of biodiversity, erosion control and recreation. Recent studies 
have suggested that the value of these 'goods' may exceed that of the cash 
crop (Costanza et al. 1997). 
These externalities are, however, direct environmental effects rather than real 
goods, and so should be included in LCA as impacts. We will attempt to 
develop appropriate categories, define units and collect data to describe these 
externalities for UK forestry and to incorporate them into the LCA as impact 
categories. 
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E2.2 Allocation procedures  
Allocation procedures will be selected using the ISO methodology and will be detailed 
as decisions are made. Monetary-based, as well as mass-, energy- or environmental 
relevance-based, criteria will be examined. 
E2.3 Criteria for initial inclusion of inputs and outputs  
All inputs that appear in the final product will be included. Inputs and outputs making 
contributions to the energy consumption of the product will also be included. 
E3 	Assumptions 
All assumptions made will be detailed as they are made. 
E4 	Limitations 
The initial limitations to the study have been identified as: 
The study is only considering the initial phases of the life cycle. The 'cradle-to-
gate' assessment produced cannot be used for comparative purposes outside 
the project. 
The results are only directly relevant to the UK/GB situation. 
E5 	Data quality requirements 
The following requirements have been set: 
The desired age of data is within the last 5 years but quality (in terms of source 
and reliability) will be a higher priority than age; 
Site specific data will be gathered where possible from national sites; 
The technology mix will aim to reflect practice and will be detailed as 
determined; 
The precision of the data will be stated where known; 
The data will have a high level of completeness (around 80%) as the project 
has a large industry partnership from a relatively compact industry; 
The representativeness of the data will also be high; 
The consistency of approach will be monitored and evaluated as the project 
progresses; 
The reproducibility of the data will be estimated; 
All data sources will be stated; 
The uncertainty of the data will be estimated. 
E6 	Critical review 
The Goal and Scoping document will be submitted for external review. The final report 
will initially be prepared for internal use with the possibility of going to external review 
subject to the agreement of the participants. 
E7 	Report: type and format 
The report will be prepared following the ISO methodology to ensure clarity and 
transparency. Initially, individual reports will be prepared for the forestry, sawmilling 
and panel products sectors. These reports will be for internal use by these sectors and 
will provide information on the environmental performance of each sector with means 
of improvement identified. Subject to the agreement of the partners, further reports 
may be produced combining the results of the forestry study with those from the 
sawmilling and panels studies to give a 'cradle-to-gate' view. This report would be 
prepared using the ISO methodology and would be intended for use by any interested 
party. 
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F 	ASPECTS SPECIFIC TO SAWMILLING 
Goal 
* to obtain a clear picture of the environmental performance of the log conversion 
process 
* to use this information to investigate the potential for improving process 
performance 
* to consider using the results to inform key customers (particularly specifiers) 
F2 Scope 
Collection of roundwood (including bark) from the UK forest roadside to the 'final' 
product output at the mill gate. 
The timber species, log qualities and sources of material will reflect those used by the 
mills. 
F2.1 System  
F2.1.1 Process flow diagram (process tree) 
A process flow diagram for the sawmilling assessment is given in Figure 2. 
Water 
 
  
   
Kilned Ancillary 
Materials 
0 
n 
d 
w 
0 
0 
d 
Pine 
Forest 
Bark 
Chips 
Dust 
  
Unseasoned 
Untreated 
PRESERVATION 
Kilned & 
Treated 
Treated 
Figure A2. Process flow diagram of sawmilling process 
F2.1.2 Boundaries 
The boundaries for the sawmilling assessment have been set as: 
Raw material sources; 
To include preservation with existing technology (CCA and CCB) and 
packaging; 
F2.2 Products to be assessed  
The following product types have been selected for assessment for 1 m3 of product: 
Sawn timber; 
Goal and Scope 	 294 
Annexe A 
Kilned timber; 
Treated timber; 
Kilned and treated timber. 
F2.3 Assumptions  
These will be detailed as they are made. 
F2.4 Limitations  
The project will mainly focus on the large scale mills responsible for around 70% of the 
sawn timber produced in the UK. Some small mills will also be examined for 
comparison. 
Only softwood timber will be assessed. 
G 	REFERENCES 
ISO 14040. 1997. Life Cycle Assessment - Principles and framework. 
ISO 14041. Committee Draft. Life Cycle Assessment - Life Cycle Inventory Analysis. 
ISO 14042. Committee Draft. Life Cycle Assessment - Impact Assessment. 
SETAC. 1993. Guidelines for Life-Cycle Assessment: A 'Code of Practice'. 
Costanza,R; d'Arge,R; de Groot,R; Farber,S; Grasso,M; Hannon,B; Limburg,K; 
Naeem,S; O'Neill,R.V; Paruelo,J; Raskin,R.G; Sutton,P and van den Belt,M. 1997. The 
Value of the World's Ecosystem Services and Natural Capital. Nature, Vol 387. pp253-
260. 
H 	DEFINITIONS 
allocation: partitioning the input or output flows of a unit process to the product 
system under study 
ancillary input: material input that is used by the unit process producing the product 
but is not incorporated in any of the product outputs of the unit process 
comparative assertion: environmental claim regarding the superiority or equivalence 
of one product v a competing product performing the same function 
data quality: characteristic of collected or integrated data 
externalities: goods, services or impacts of an economic activity which are not paid 
for by the consumer and are therefore "external" to the market. These may be 'goods' 
(e.g. amenity walking) or 'bads' (e.g. water contamination). Technically, they should 
not involve a cost to the producer, as fines etc; health and safety is therefore not an 
externality. 
Input: material or energy which enters a unit process (can include raw materials and 
products) 
interested party: individual or group concerned with or affected by the environmental 
performance of a product system or by the results of the LCA 
life cycle: consecutive and interlinked stages of a product system from raw material 
acquisition or generation of natural resources to the final disposal 
life cycle assessment (LCA): compilation and evaluation of the inputs, outputs and 
the potential environmental impacts of a product system throughout its life cycle 
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output: material or energy which leaves a unit process (may include raw materials, 
intermediate products, products, emissions and waste) 
raw material: primary or secondary material that is used to produce a product 
system boundary: interface between a product system and the environment of other 
product systems 
transparency: open, comprehensive and understandable presentation of information. 
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LCA Data Collection - Sawmilling 
Data to cover 1 year's production unless more time needed to account for all variations 
(`971'98 where available) 
General description of mill 
When established 
Site size 
Practices 
Technologies (type & age) 
Representative of group's mills? 
1. Process tree 
What happens from gate to gate 
List of unit processes 
Inputs & outputs of processes (physical units & as much detail as possible) 
Products produced 
Species & amounts of timber that were: 
1. graded 
2. graded and kilned 
3. graded, kilned and treated 
4. treated 
Any re-use of by-products of timber production on site (e.g. burning of sawdust 
for energy)? 
How much 
How often 
a) Log yard 
Inward haulage estimates 
Distance travelled 
Lorry size 
Load level 
Journeys shared 
Logs 
Source (FE, private?) 
Species 
Amounts of each 
Imported timber 
Machinery 
Forklifts 
No. 
Engine size 
Loaders 
No. 
Engine size 
Cranes 
No. 
Engine size 
Other 
No. 
Engine size 
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Water run off (BOD, COD) 
Any reject logs? (What happens to them?) 
b) Primary processina 
Inputs Outputs 
Fuel Sawdust 
Electricity Bark 
(suppliers) Chips, offcuts (slabs/falling boards) 
Oil Oil 
Maintenance Exhaust gases 
Repair 
(belts, knives, blades) 
(Capital equipment details) 
Sorting 
	
Debarking 	 Sawing 
a) Grading 
(capital equipment) 
Inputs Outputs 
Fuel 
Electricity 
Oil 
Maintenance 
Repair 
Parts 
Sawn timber 
Rejects 
a) Kiln drying 
Inputs Outputs 
Fuel Preserved timber 
Electricity Rejects? 
Preservatives Exhaust VOC 
Oil Sludge 
Maintenance Contaminated water 
Repair 
Parts 
a) Storage 
Equipment 
Water run off (BOD, COD) 
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b) Further processing 
c) Packaging 
Type Amount used Product used on 
Steel banding 
Plastic banding 
Plastic wrapping 
Ink/paint marking 
2 Other aspects 
Amounts of anything else generated by the process, e.g. packaging generated by 
ancillary materials such as steel banding. 
Variability (seasonal, material, fuel etc) 
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Annexe B: Questionnaire on the role of environmental 
information in organisations 
BRE Questionnaire No: 
ENVIRONMENTAL INFORMATION: WHAT IS ITS ROLE IN YOUR COMPANY? 
Introduction 
As the drive towards sustainable development increases, so does the need to obtain 
accurate and reliable environmental information. 
This survey is intended to discover how companies view environmental information, 
what uses they put it to and the audience it is for. It also looks at how companies 
get the environmental information they need and how they would prefer to receive it. 
The survey is part of a project being carried out by BRE to derive the most 
appropriate means of quickly and clearly disseminating environmental information. 
This will help ensure that environmental information is readily incorporated into the 
decision-making processes and is widely understood and used. 
BRE will treat any information supplied as strictly confidential. No data that can be 
identified with you or your company will be passed on to any other person or 
organisation. 
Please contact Jo Mundy (01923 664809, mundyj@bre.co.uk) if you have any 
questions about this questionnaire or the project it is supporting. 
Company details 
Company Name 
Company Address 
300 
1. Company approach to environmental information and issues 
1.1 Does your company have an environmental policy? Yes ❑ No ❑  
1.2 Does your company monitor its environmental performance? 	Yes ❑ No ❑  
If yes what do you use EMAS 	18014001 DEFRA Other (please specify) 
CO2 ❑  
Water ❑  
Waste ❑  
1.3 Does your company report its environmental performance publicly? 
Yes ❑ 	No ❑  
	
If yes what do you use EMAS 	IS014001 	DEFRA 
CO2 ❑  
Water ❑  
Waste ❑  
1.4 Does your company have personnel responsible 
for environmental issues? 
Yes ❑ 	No ❑  
If No, please e> Go to 2 
What position do they occupy? 
On the Management Board 
Dedicated Environmental Officer 
Full time 
Part time 
Environmental role combined with another 
Full time 
Part time 
Other (please specify) 
Other (please specify) 
 
Do not know 
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2. Company view of environmental issues 
A 	Which of the following does your company regard as an environmental issue? 
B 	How important is each to the company (1 = highly important to 5 = unimportant)? 
C 	And what makes an issue highly important to your company (1 = most influence, 
5 = least influence)? 
A 
Yes 
Issue 
Acid Deposition 
Climate Change 
Contaminated land 
Durability 
Dust 
Ecosystems & Habitats 
Ecotoxicity 
Energy 
Eutrophication 
Fossil Fuel Depletion 
Global Warming 
Human Toxicity to Air 
Human Toxicity to Water 
Indoor Air Quality 
Land use 
Low Level Ozone 
Creation 
Minerals Extraction 
Noise 
Noise Pollution 
Ozone Depletion 
Recycling 
Sustainability 
Transport Pollution & 
Congestion 
Waste Disposal 
Water Extraction 
C 
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If you did not rank any of the issues as 1, please b Go to 3 
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3. Uses of environmental information 
3.1 Does your company use environmental information for any of these 
purposes? 
If yes, please indicate why. 
Reason 
c 
o 
*.;.-. 
CD 
it
 p
re
ss
u
re
  
a
rc
h
 
TO 0
  eh
ol
d
e r
s  
su
re
  g
ro
u
p
  
)a
ig
n
s  2 co 
CD 
0
L 
Purpose 
Yes a) 
0 _1 • 
4) 
5 
_ 
cp. 
kw re 
as 
.cw co 
"" 
0 E 
lk - 	c 0 a u 
(1) 	RS .c o 
ww 0 ..a. 
Marketing 
Material or Product selection 
Process improvement 
Product development 
Policy decisions 
Public relations 
Other (please state) 
3.2 Who does your company disseminate the environmental information to? 
Audience 
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Marketing 
Material or Product selection 
Process improvement 
Product development 
Policy decisions 
Public relations 
Other (please state) 
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4. Relative importance of 
How influential is information 
your company's decision making 
environmental information 
about environmental performance and other factors 
process? 	(1 = most influential and 5 = no influence) 
in 
Factors 
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Use 
Marketing 
Product selection 
Process improvement 
Policy decisions 
Public relations 
Other (please state) 
5. Sources of environmental information 
Where does your company get its environmental information? 
Please rank (1 = preferred and 5 = least preferred) 
Rankin 
Source 1 2 3 4 5 not used not known 
BRE 
Environmental consultants 
Internet 
Manufacturers 
Press Releases 
Trade Associations 
Other (please state) 
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6. Type of environmental information required 
6.1 For what stages of a lifecycle does your company require environmental 
information? 
Material extraction ❑  Maintenance & repair ❑  
Product manufacture ❑  Re-use or recycling ❑  
Construction ❑  Disposal ❑  
Use ❑  
6.2 What methods does your company use to get this information? 
7 	Lifecycle stage 
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Life Cycle Assessment 
Whole Life Costing 
Environmental Impact 
Assessment 
Risk Assessment 
Substance Flow Analysis 
Technology Assessment 
Environmental Audit 
Other (please state) 
o to 6.3 
*Go to 7 
section continues on next page 
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6.3 For information produced using Life Cycle Assessment, what level of detail do 
you require? 
If you do not use Life Cycle Assessment (LCA), please 4. Go to 7 
Data Level 
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Inventory data® 
Characterised 
Environmental profile® 
Normalised Environmental 
Profile® 
Ecopoints score® 
• Numeric value  
• Ranked (eg A, B or C) 
Statement of annual 
performance improvement 
• Relative to self  
• Relative to industry 
average 
Full report including all 
options above 
0 A list of amounts of resources used, and products and emissions produced to achieve the 
product or function being studied. 
0 The inventory data is attributed (`classified) to environmental impact categories and the 
level of impact in each category is calculated using a reference substance to give a 
`characterised' profile; the units are not comparable between issues. 
0 The characterised profile is referenced to the environmental impact for each category at 
the national or global level in one year (usually for 1 citizen), giving a 'normalised' profile; the 
values are directly comparable. 
® The normalised profile values are multiplied by weighting factors developed for each 
impact category and the results summed to give a single figure or a rank (eg A = best, 
B = middle & C = worst). 
7. Format of environmental information 
7.1 How does your company receive environmental information and how would you 
prefer to receive it? 
Format 
	
Received Preferred 
Full Paper Reports 	 0 	LI 
Summary Paper Reports 	 0 CI 
Electronic database 	 0 	CI 
Electronic design tool with embedded database 0 0 
7.2. How does your company convert information into its preferred format? 
In-house team 	 ❑  
Environmental consultants 	❑  
Other 	 ❑ 	Please describe 
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8. Information about you 
Name 
Position in company 
Phone number 
E-mail address 
Is your background in: 
Architecture 	 ❑  
Construction ❑  
Engineering 	 ❑  
Environmental science 	❑  
Management 	 ❑  
Marketing ❑  
Product. Development 	❑  
Quality Assurance ❑  
Quality Control 	 ❑  
Other 	 ❑ 	Please describe 
Thank you for your help in completing this form. 
Please return the form by 31 October 2002 using the reply paid label to: 
Mrs Jo Mundy 
Centre for Timber Technology and Construction 
BRE 
Garston 
WATFORD WD25 9)0C 
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Annexe C: EPDs and Supporting Information 
The running headers and footers for the EPDs and the Supporting Information have 
been replaced with those for this thesis. Table C.1 sets out the headers and footers 
used for the different parts of each document. 
Table C-1. Running headers and footers used to indicate contents of the EPDs and the 
Supporting Information. 
Document Section Header or 
Footer 
Text 
EPD Throughout Header Whole Life Environmental 
Performance: 1 m2 typical UK timber 
frame external wall — Prototype for Test 
or 
Whole Life Environmental 
Performance: 1 m2 typical UK brick and 
dense block external wall — Prototype 
for Test 
Introduction Footer Introduction 
Contents Footer Contents 
Part 1 Footer Environmental Product Declaration 
Part 2 Footer Importance of EPD results 
Supporting Throughout Header Whole Life Environmental Performance 
Information — Prototype for Test 
Footer Supporting Information 
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WHOLE LIFE ENVIRONMENTAL PERFORMANCE OF A TYPICAL UK 
TIMBER FRAME EXTERNAL WALL 
Introduction 
This Environmental Product Declaration (EPD) is designed to help everyone who specifies 
building materials to include environmental performance in their selection criteria. The choices 
made at the design stage can make a huge difference to the amount of environmental impacts 
caused by a building over its lifetime. These choices include what materials are used and how 
the materials are combined to make the building. 
The best gauge of environmental performance comes from looking at the impacts of achieving 
a purpose, such as providing shelter for 60 years. Considering a wide range of environmental 
impact types (or 'categories') makes sure that important effects are not missed, as is likely 
when considering single issues such as 'embodied energy'. Looking at a wide range of 
environmental categories (using an 'environmental profile') over a life time helps prevent 
problems being over-looked or shifted from one place to another. 
Life Cycle Assessment (LCA) is a very successful way to quantify the wide range of 
environmental impacts that result from achieving a purpose (or 'function') over a whole life. 
LCA has been used by BRE to produce the environmental profile results in this EPD for "1 m2 
of a typical timber frame external wall for a typical 60-year life"; this purpose-based definition is 
often called the 'functional unit'. The 60-year life contains 3 stages: 'raw material extraction 
and processing'; 'use', and 'disposal', 
The EPD is meant to help you decide if the environmental performance of a typical timber 
frame external wall is acceptable to you as a product specifier: if you haven't set absolute 
values of environmental performance to meet, then you can compare the environmental 
performance of the timber frame solution to that of a brick and block wall or a steel frame wall 
assessed using the BRE Environmental Profiles methodology. 
The document contains two parts: 
Part 1 is the Environmental Product Declaration 
Part 2 examines the relative importance of the environmental performance given in the EPD. 
Supporting Information is available separately, which provides reference information for Parts 
1 and 2. 
This EPD has been produced by BRE to support the drive towards Sustainable Construction. 
BRE 
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PART 1: ENVIRONMENTAL PRODUCT DECLARATION 
Typical construction 
Element assessed 
of a timber frame wall 
-..,-,,,.  ,:,,, 	 This declaration presents the environmental 
` impacts over a 60-year lifetime for the functional 
 
unit: .. 	Vapour control layer 
.iiiN4 	Structural timber 
frame 	 1 FT12 of external timber frame wall 
Insulation Nue  
111111 	
k16. "11111KIM Sheathing board 
The wall was designed to satisfy building 
. WO" RP 
14111
gie .4,, 
DV Ia. 
'4.• 
*if 
`I, membrane 
Stainless steel wall 
tie 	 regulations, in particular a U value of 
Waterproof breather 	0.45 Wm-2K-1 . 
, 
Brick Cladding 	External wall: brickwork, timber frame with rock 
Cavity 	 wool insulation, plasterboard and paint. 
LCA study boundaries 
The tables show the information included in each life cycle stage to produce the environmental 
profile for 1 m2 of external timber frame wall over a 60-year life presented in this EPD. 
Raw material extraction & processing 
Life cycle stages Aspect Data 
Raw material 
Materials in 
functional unit 
Amounts of materials & energy used; 
products & emissions produced in the 
extraction & processing of the 
xtraction materials. 
processing Transport of materials & 
products 
Method. distance, weight & fuel. 
0 Packaging Amounts of materials & energy used; & 	 in the products 	emissions produced 
extraction & processing of the 
materials plus transport. 
'spos l  
Use 
Aspect Data 
Replacement Amounts of materials & energy used; 
products & emissions produced in the 
extraction, processing & transport of 
the materials based on best available 
replacement practice information. 
Maintenance Amounts of materials & energy used; 
products & emissions produced in the 
extraction, processing & transport of 
the materials for painting & varnishing. 
The environmental impacts caused by energy 	Disposal 
consumption in the use of the building have 
been excluded from the environmental profile Aspect Data 
of the external wall. Energy performance has 
been accounted for by designing to the U- 
value requirements of the building 
regulations: this requirement is the same for 
Disposal route 
impacts 
category. 
End-point is disposal in landfill or 
incineration; CO2 & methane emissions 
included in Climate Change impact 
any external wall construction. Recycled or re-used materials go to 
their new life cycle. 
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Environmental Profile for 1 m2 of typical timber frame external wall over a 60-year life 
The environmental impact categories are explained in the separate document 'Supporting information'. 
Characterised Profile (all categories in different units) 
Impact Category Level of Impact 
Climate Change 
(CC100) 
89 kg CO2 eq. 
Acid Deposition 
(AD) 
0.51 kg SO2 eq. 
Ozone Depletion (OD) 0.00000000012 kg CFC11 eq 
Human Toxicity to Air 
(HT Air) 
0.51 kg tox. 
Photochemical Ozone 
Creation Potential 
(POCP) 
0.057 kg ethene eq. 
Human Toxicity to Water 
(HT Water) 
0.00000045 kg tox. 
Ecotoxicity (Ecotox.) 7.7 m3 tox 
Eutrophication (Eutroph.) 0.031 kg PO4 eq. 
Fossil Fuel Depletion 
(FFD) 
0.028 toe 
Mineral Extraction (ME ) 0.39 t 
Water Extraction 
(WE) 
140 I 
Waste Disposal 
(WD ) 
0.26 t 
Transport Pollution & 
Congestion 
(TP&C ) 
80 t. km 
Normalised Profile (all categories 'per year')  
The characterised profile shows 
the impacts of the timber frame 
external wall in 13 different 
environmental impact categories. 
One substance can contribute to 
several categories and many 
different substances contribute to 
each category. This is why each 
category has its own reference 
substance and the amount of 
impact in each category is 
expressed in terms of how much of 
the reference substance is needed 
to give the same effect as the 
contributing substances. For 
example, sulphur dioxide (SO2) is 
the reference substance for Acid 
Deposition (AD), so all substances 
causing AD are converted to the 
amount of SO2 needed to give the 
same effect: 1 kg of ammonia 
(NH3) causes 1.88 times as much 
damage as 1 kg of SO2, so 1 kg 
NH3 is equivalent (eq.) to 1.88 kg 
of SO2. 
eq. = equivalents 
0% 	5% 	10% 
	
15% 	Because the impacts in each category of the 
Characterised profile are in different units, the 
level of impact in each category can't be 
compared to that in any other category. All 
categories can be compared by dividing the 
environmental profile for the external wall by 
the environmental profile of 1 UK citizen's 
annual impacts; giving all categories the units 
of 'per year' (see LCA outline in Supporting 
Information). 
This step is called normalisation and shows 
how the values in the Characterised profile 
compare with the environmental impacts 
caused by human activity at the national level. 
The results are presented as percentages of 
the annual impacts of 1 UK citizen; so an 
impact of 100% is the same as that caused by 
one person. 
You can multiply the normalised profile by the total amount of external wall area of a building and 
find out how many people would take one year to cause the same level of impact. 
The normalised profile shows where the biggest environmental impacts are but it does not say if 
these categories are the most environmentally critical ones because this requires subjective 
weiahtina to be done (see later EPD section and Part 2). 
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OD 
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Environmental impacts of the life cycle stages 
Broken down by Impact Category 
These pie charts show how the 13 categories 	Raw material extraction 
contribute to the total environmental impact & processing 
of the external wall at each of the 3 life cycle 
stages. Each chart is sized to show its 
relative contribution to the whole life impact. 
100% 
• AD 
0 CC100 
D OD 
0 HT Air 
• POCP 
80% 
0 HT Water 
• Ecotox. 
60% - 
0 Eutroph. 
• FFD 
40% 
20% ---- 
0 ME 
0 WE 
0% 
o WD 
• TP&C 
1 0 Disposal 
ci Use 
I D Raw material extraction & Disposal 
Energy 
use effects 
not 
included 
processing Use  
Broken down by material 
These pie charts show how the materials in 
the external wall contribute to the total 	 Raw material extraction 
environmental impact at each of the 3 life & processing 
cycle stages. 	Each chart is sized to show its 
relative contribution to the whole life impact. 
Trees take up CO2 
100% 
	
	 & this offsets the - 
o Brick 
il Insulation 
80% - 
CC100 impacts of 
processing to give 
timber a negative 
0 Timber 
0 Plasterboard 
60% 
CC100 impact at 
this stage • Mortar 
o Paint 
40% 
20% 
0`)/0 CO2 offset keeps 
the CC100 
impacts of use 
0 Disposal 
a Use 	 Disposal 
negative for 
timber 
ci Raw material extraction & 
processing 
Use 
c02 & methane emissions cause 
timber to contribute to CC100 
impacts during its disposal 
EPD - Timber frame 	 313 
Annexe C EPDs and Supporting Information 
Does it matter which impact categories have the highest scores? 
Importance can be attached to the normalised profile by giving weights to each impact category 
(reflecting its importance relative to the damage it causes in the environment as a whole) and 
multiplying the level of impact in each category by its weight. These weighted impacts can then be 
combined into different groups, for example 'damage to the environment', 'damage to humans' and 
'resource use' or added together to give a single score (often called `ecopoints'). Single scores can 
themselves be compared to give ranked performance for different ways of achieving the same 
purpose, such as different ways of constructing an external wall. 
But weighting is subjective: what's important to you may not be important to someone else. This is 
why ISO does not currently allow an EPD to weight the individual impacts. 
BRE worked with a cross-section of interested parties in the construction industry to produce a 
weighting system for the impact categories used in this EPD. The results of weighting for the timber 
frame external wall are presented Part 2 as a single 'UK Ecopoints' score and as damage to the 
environment, damage to humans and resource use. 
Recycling 
Environmental performance measured by LCA looks at the environmental impacts of current 
practice. The information presented in this section is relevant to you if you have a particular interest 
in recycling; both what is currently happening and what could happen. 
• Recycled material contained within the whole wall 	1.3% 
• Material capable of being recycled 	 89% 
• Material currently recycled in the UK 50% 
• Saving in embodied energy if the specification 	 27% 
replaced all virgin material with recycled material 
About this EPD 
The details of the LCA methodology used to create the data in this EPD are set out in: BRE 
methodology for environmental profiles of construction materials, components and buildings. Nigel 
Howard, Suzy Edwards, and Jane Anderson. 1999.BRE Report BR 370. Garston, BRE. 
The focus of this EPD is the timber frame of the wall. The profile for the timber frame wall was 
produced using the environmental profile in BRE's database for 1 tonne of UK-grown and 
processed, kiln-dried softwood and adding to it the impacts of the transport used to import timber to 
the UK. Data quality information is provided here for the timber. 
Collection period 	January to December 1996 
Geography 	 UK 
Allocation By value (value of timber/total value of all sawmill products) 
Boundary 	 Cradle to Factory Gate (forest to sawmill gate) 
The other components of the wall also come from the BRE database and have been assessed using 
the same methodology. The data has various sources and it is not possible to give all the data 
quality information here. 
Issue Date 	October 2003 	Periodic Review Due: 	September 2006 
This declaration has been produced in accordance with the requirements of: 
ISO/AWI 21930 & ISO TR 14025. 
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Least impact 
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PART 2: IMPORTANCE OF EPD RESULTS 
Introduction 
Part 1, the EPD, set out the environmental profile for the timber frame external wall but treated all of 
the impacts as equally important. 
Part 2 contains information that can be used to gauge the importance of the EPD results. Part 2 
shows how external walls contribute to the environmental performance of a whole house and uses 
BRE's weighting scheme to look at how important the environmental profile results given in the EPD 
are. Results are presented for the Ecopoints score of the external wall (Ecopoints are the sum of 
the impact in each category multiplied by the category weight) and how this score fits in with the 
Green Guide to Housing Specification's ABC ratings for external walls. Also presented are the 
results for combining different categories to represent damage to the environment, damage to 
humans and resource use (for both normalised and Ecopoints results). The section ends by 
presenting the areas where the timber frame external wall can earn credits under BRE's EcoHomes 
Scheme 
BRE's weighting scheme is based on the views of interested parties from across the construction 
industry, from material manufacturers through to environmental pressure groups (see "Supporting 
Information's" Life Cycle Assessment: An Outline for the weighting values). 
Environmental impact of external walls within a 'typical' home over a 60-year life 
C
IO
N
O
M
E
1
1
1
0
0
11
10
 
External Walls 
Roof 
External Surfacing 
Ground Floor 
Internal Walls 
Windows 
Upper Floors 
Boundary Protection 
Worktops 
Kitchen Cupboard Doors 
Other 
This pie chart shows that external 
walls cause about 20% of the total 
environmental impact of a typical 
home. This means that choosing an 
external wall with a low 
environmental impact can really help 
to reduce the overall environmental 
impact of a house. 
UK Ecopoints Score and position on the Green Guide to Housing Specification's ABC 
rankings bar for a range of common external walls. 
The Green Guide to Housing Specification is a BRE publication that takes the environmental profile 
information given in the EPD and weights it using a set of defined factors (see 'Valuation' in the LCA 
section of Supporting Information) to give a single score: UK Ecopoints. The Ecopoints scores are 
ranked for different means of achieving the same purpose, for example for typical ways of building 
an external wall, and divided into three ratings: A, B and C, where, relatively, A has the least and C 
has the greatest environmental impact. 
The lowest and highest Ecopoint scores for the external walls assessed give the range for the 
ratings on the bar below. The Ecopoints for the environmental profile of 1 m2 of timber frame 
external wall and the resulting rating are shown on the bar. 
1m2 Timber Frame external wall: 0.96 UK Ecopoints 
1190111G1111111111eatestimpact 
2.60 
B Rating 	❑ 	C Rating 
0.53 	 1.20 
❑ A Rating 	❑  
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Whole Life 
   
Disposal 
 
7-1 
I 
   
   
Use 
Raw material 
extraction & 
processing 
0% 	10% 	20% 	30% 
Relative to 1 UK Citizen's Annual 
Impacts 
Whole Life 
Disposal 
Use 
  
Raw material 
extraction & 
processing 
0 	0.5 	1 	1.5 
Ecopoints 
Grouping the environmental impacts by type of impact caused 
For this graph, the environmental impacts making 
up the normalised profile in the EPD have been 
grouped together into impacts affecting the 
environment, impacts affecting humans and 
resource use. This grouping has been done for 
the 3 life cycle stages and for the whole life. 
Overall, most of the impacts are environmental 
damage or resource use. Environmental damage 
occurs at all of the life cycle stages but resource 
use only in the first two. 
Over its life, 1 m2 of timber frame external wall 
causes around 15% of the environmental impacts 
of 1 UK citizen. This figure can be multiplied up 
to work out the impacts of the amount of external 
wall needed for your building. 
En Damage to Environment 	❑  Damage to Humans 
❑ Resource use 
For this graph, the Ecopoints scores have been 
grouped together into those from impacts affecting 
the environment, from impacts affecting humans 
and from resource use. 
This approach reflects the importance attached to 
the different aspects of environmental impact. The 
graph shows that the environmental impacts of the 
wall are regarded as the most important; they 
occupy a greater proportion of the total than for the 
normalised profile results. 
Over its life, 104 m2 of timber frame external wall 
gives the same Ecopoints score as of 1 UK citizen 
does annually, which is 100 Ecopoints. This figure 
can be used to work out the Ecopoints of the 
amount of external wall needed for your building. 
Contribution to the EcoHomes label for domestic buildings 
EcoHomes is BRE's sustainability label for domestic buildings: it considers a range of factors 
contributing to sustainability, one of which is material use. The scheme and its relationship with 
BRE's Environmental Assessment Method (BREEAM) is explained more fully on the following page. 
The timber frame external wall will earn credits because it is A-Rated. 
Credits can also be achieved by using timber from a certified, sustainable source. 
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WHOLE LIFE ENVIRONMENTAL PERFORMANCE OF A TYPICAL UK 
BRICK AND DENSE BLOCK EXTERNAL WALL 
Introduction 
This Environmental Product Declaration (EPD) is designed to help everyone who specifies 
building materials to include environmental performance in their selection criteria. The choices 
made at the design stage can make a huge difference to the amount of environmental impacts 
caused by a building over its lifetime. These choices include what materials are used and how 
the materials are combined to make the building. 
The best gauge of environmental performance comes from looking at the impacts of achieving 
a purpose, such as providing shelter for 60 years. Considering a wide range of environmental 
impact types (or 'categories') makes sure that important effects are not missed, as is likely 
when considering single issues such as 'embodied energy'. Looking at a wide range of 
environmental categories (using an 'environmental profile') over a life time helps prevent 
problems being over-looked or shifted from one place to another. 
Life Cycle Assessment (LCA) is a very successful way to quantify the wide range of 
environmental impacts that result from achieving a purpose (or 'function') over a whole life. 
LCA has been used by BRE to produce the environmental profile results in this EPD for "1 m2 
of a typical brick and dense block external wall for a typical 60-year life"; this purpose-based 
definition is often called the 'functional unit'. The 60-year life contains 3 stages: 'raw material 
extraction and processing'; 'use', and 'disposal'. 
The EPD is meant to help you decide if the environmental performance of a brick and dense 
block external wall is acceptable to you as a product specifier: if you haven't set absolute 
values of environmental performance to meet, then you can compare the environmental 
performance of the timber frame solution to that of a brick and block wall or a steel frame wall 
assessed using the BRE Environmental Profiles methodology. 
The document contains two parts: 
Part 1 is the Environmental Product Declaration 
Part 2 examines the relative importance of the environmental performance given in the EPD. 
Supporting Information is available separately, which provides reference information for Parts 
-1 and 2. 
This EPD has been produced by BRE to support the drive towards Sustainable Construction. 
BRE 
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LCA study boundaries 
The tables show the information included in each life cycle stage to produce the environmental 
profile for 1 m2 of brick and dense block external wall over a 60-year life presented in this EPD. 
Raw material extraction & processing 
Aspect Data 
Materials in 
functional unit 
Amounts of materials & energy used; 
products & emissions produced in the 
extraction & processing of the 
materials. 
Transport of 
materials & 
products 
Method, distance, weight & fuel. 
Packaging Amounts of materials & energy used; 
products & emissions produced in the 
extraction & processing of the 
materials plus transport. 
Use 
Aspect Data 
Replacement Amounts of materials & energy used; 
products & emissions produced in the 
extraction, processing & transport of 
the materials based on best available 
replacement practice information. 
Maintenance Amounts of materials & energy used; 
products & emissions produced in the 
extraction, processing & transport of 
the materials for painting & varnishing. 
Disposal 
Aspect Data 
Disposal route 
impacts 
End-point is disposal in landfill or 
incineration; CO2 & methane emissions 
included in Climate Change impact 
category. 
Recycled or re-used materials go to 
their new life cycle. 
Life cycle stages 
The environmental impacts caused by 
energy consumption in the use of the 
building have been excluded from the 
environmental profile of the external wall. 
Energy performance has been accounted 
for by designing to the U-value 
requirements of the building regulations: 
this requirement is the same for any 
external wall construction. 
Raw material 
xtraction 
processing 
Element assessed 
Typical construction of a dense block wall 
Plasterboard 
Dense block 
— Insulation 
Brick 
This declaration presents the environmental 
impacts over a 60-year lifetime for the functional 
unit: 
1 m2 of brick and dense block external wall 
The wall was designed to satisfy building 
regulations, in particular a U value of 
0.45 Wm-2K-1. 
External wall: brickwork, 1950 kg m-3 dense block, 
rock wool insulation, plasterboard and paint. 
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Environmental Profile for 1 m2 of typical brick and dense block external wall over a 
60-year life 
The environmental impact categories below are explained in the separate document 'Supporting Information'. 
Characterised Profile (all categories in different units) 
Impact Category Level of Impact 
Climate Change 
(CC100) 
100 kg CO2 eq 
Acid Deposition 
(AD) 
0.66 kg SO2 eq 
Ozone Depletion (OD) 0.00000000012 kg CFC11 eq 
Human Toxicity to Air 
(HT Air) 
0.76 kg tox. 
Photochemical Ozone 
Creation Potential 
(POCP) 
0.056 kg ethene eq 
Human Toxicity to Water 
(HT Water) 
0.00000002 kg tox. 
Ecotoxicity (Ecotox.) 6.9 m3 tox 
Eutrophication (Eutroph.) 0.043 kg PO4 eq 
Fossil Fuel Depletion 
(FFD) 
0.031 toe 
Mineral Extraction (ME ) 0.68 t 
Water Extraction 
(WE) 
340 I 
Waste Disposal 
(WD ) 
0.49 t 
Transport Pollution & 
Congestion 
(TP&C ) 
100 t.km 
Normalised Profile (all categories 'per year') 
The characterised profile shows 
the impacts of the brick and dense 
block external wall in 13 different 
environmental impact categories. 
One substance can contribute to 
several categories and many 
different substances contribute to 
each category. This is why each 
category has its own reference 
substance and the amount of 
impact in each category is 
expressed in terms of how much of 
the reference substance is needed 
to give the same effect as the 
contributing substances. For 
example, sulphur dioxide (SO2) is 
the reference substance for Acid 
Deposition (AD), so all substances 
causing AD are converted to the 
amount of SO2 needed to give the 
same effect: 1 kg of ammonia 
(NH3) causes 1.88 times as much 
damage as 1 kg of SO2, so 1 kg 
NH3 is equivalent (eq.) to 1.88 kg 
of SO2. 
eq. = equivalents 
Because the impacts in each category of the 
Characterised profile are in different units, the 
level of impact in each category can't be 
compared to that in any other category. All 
categories can be compared by dividing the 
environmental profile for the external wall by 
the environmental profile of 1 UK citizen's 
annual impacts; giving all categories the units 
of 'per year' (see LCA outline in Supporting 
Information). 
This step is called normalisation and shows 
how the values in the Characterised profile 
compare with the environmental impacts 
caused by human activity at the national level. 
The results are presented as percentages of 
the annual impacts of 1 UK citizen; so an 
impact of 100% is the same as that caused by 
one person. 
You can multiply the normalised profile by the total amount of external wall area of a building and 
find out how many people would take one year to cause the same level of impact. 
The normalised profile shows where the biggest environmental impacts are but it does not say if 
these categories are the most environmentally critical ones because this requires subjective 
weighting to be done (see later EPD section and Part 2). 
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Broken down by Impact Category 
These pie charts show how the 13 categories 
contribute to the total environmental impact 
of the external wall at each of the 3 life cycle 
stages. Each chart is sized to show its 
relative contribution to the whole life impact. 
100% 
80% 
60% -
40% - 
	
20% 	 
0% 	 Disposal 
Raw material extraction 
& processing 
❑ CC100 
■ AD 
O OD 
❑ HT Air 
■ POCP 
❑ HT Water 
■ Ecotox. 
❑ Eutroph. 
■ FFD 
• ME 
❑ WE 
O WD 
■ TP&C 
Energy 
use effects 
not 
included 
Use 
❑ Disposal 
❑ Use 
❑ Raw material extraction & 
processing 
Broken down by material 
These pie charts show how the materia 
the external wall contribute to the total 
environmental impact at each of the 311 
cycle stages. Each chart is sized to sill 
relative contribution to thp whole life im 
100% - 
80% 	 
60% 	 
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20% 	 
0% 
Raw material extraction 
& processing 
❑ Brick 
• Insulation 
❑ Dense Block 
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Use 
Disposal 
❑ Disposal 
❑ Use 
❑ Raw material extraction & 
processing 
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Environmental impacts of the life cycle stages 
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Recycling 
Environmental performance measured by LCA looks at the environmental impacts of current 
practice. The information presented in this section is relevant to you if you have a particular interest 
in recycling; both what is currently happening and what could happen. 
• Recycled material contained within the whole wall 5.3% 
• Material capable of being recycled 86% 
• Material currently recycled in the UK 51% 
• Saving in embodied energy if the specification 
replaced all virgin material with recycled material 
27% 
About this EPD 
The details of the LCA methodology used to create the data in this EPD are set out in: BRE 
methodology for environmental profiles of construction materials, components and buildings. Nigel 
Howard, Suzy Edwards, and Jane Anderson. 1999.BRE Report BR 370. Garston, BRE. 
The focus of this EPD is the timber frame of the wall. The profile for the dense block wall was 
produced using the environmental profile in BRE's database for 1 tonne of UK-produced dense 
block. Data quality information is provided here for the dense block. 
Collection period 	January to December 1997 
Geography 	 UK 
Allocation By value (value of block/total value of all products) 
Boundary 	 Cradle to Factory Gate 
The other components of the wall also come from the BRE database and have been assessed using 
the same methodology. The data has various sources and it is not possible to give all the data 
quality information here. 
Issue Date 	October 2003 	Periodic Review Due: 	September 2006 
This declaration has been produced in accordance with the requirements of: 
ISO/AWI 21930 & ISO TR 14025. 
Does it matter which impact categories have the highest scores? 
Importance can be attached to the normalised profile by giving weights to each impact category 
(reflecting its importance relative to the damage it causes in the environment as a whole) and 
multiplying the level of impact in each category by its weight. These weighted impacts can then be 
combined into different groups, for example 'damage to the environment', 'damage to humans' and 
`resource use' or added together to give a single score (often called 'ecopoints'). Single scores can 
themselves be compared to give ranked performance for different ways of achieving the same 
purpose, such as different ways of constructing an external wall. 
But weighting is subjective: what's important to you may not be important to someone else. This is 
why ISO does not currently allow an EPD to weight the individual impacts. 
BRE worked with a cross-section of interested parties in the construction industry to produce a 
weighting system for the impact categories used in this EPD. The results of weighting for the brick 
and dense block external wall are presented Part 2 as a single 'UK Ecopoints' score and as damage 
to the environment, damage to humans and resource use. 
Annexe C EPDs and Supporting Information 
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PART 2: IMPORTANCE OF EPD RESULTS 
Introduction 
Part 1, the EPD, set out the environmental profile for the brick and dense block external wall but 
treated all of the impacts as equally important. 
Part 2 contains information that can be used to gauge the importance of the EPD results. Part 2 
shows how external walls contribute to the environmental performance of a whole house and uses 
BRE's weighting scheme to look at how important the environmental profile results given in the EPD 
are. Results are presented for the Ecopoints score of the external wall (Ecopoints are the sum of 
the impact in each category multiplied by the category weight) and how this score fits in with the 
Green Guide to Housing Specification's ABC ratings for external walls. Also presented are the 
results for combining different categories to represent damage to the environment, damage to 
humans and resource use (for both normalised and Ecopoints results). The section ends by 
presenting the areas where the brick and dense block external wall could earn credits under BRE's 
EcoHomes Scheme. 
BRE's weighting scheme is based on the views of interested parties from across the construction 
industry, from material manufacturers through to environmental pressure groups (see "Supporting 
Information's" Life Cycle Assessment: An Outline for the weighting values). 
Environmental impact of external walls within a 'typical' home over a 60-year life 
0
0
1
1
0
1
1
E
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O
C
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D
 
External Walls 
Roof 
External Surfacing 
Ground Floor 
Internal Walls 
Windows 
Upper Floors 
Boundary Protection 
Worktops 
Kitchen Cupboard Doors 
Other 
This pie chart shows that external 
walls cause about 20% of the total 
environmental impact of a typical 
home. This means that choosing an 
external wall with a low 
environmental impact can really help 
to reduce the overall environmental 
impact of a house. 
UK Ecopoints Score and position on the Green Guide to Housing Specification's ABC 
rankings bar for a range of common external walls. 
The Green Guide to Housing Specification is a BRE publication that takes the environmental profile 
information given in the EPD and weights it using a set of defined factors (see 'Valuation' in the LCA 
section of Supporting Information) to give a single score: UK Ecopoints. The Ecopoints scores are 
ranked for different means of achieving the same purpose, for example for typical ways of building 
an external wall, and divided into three ratings: A, B and C, where, relatively, A has the least and C 
has the greatest environmental impact. 
The lowest and highest Ecopoint scores for the external walls assessed give the range for the 
ratings on the bar below. The Ecopoints for the environmental profile of 1 m2 of brick and dense 
block external wall and the resulting rating are shown on the bar. 
1 m2 Brick & Dense Block External Wall: 1.44 UK Ecopoints 
  
	!MIMI"  Greatest impact 
1.90 	 2.60 
B Rating 	❑ 	C Rating 
 
Least impact 
 
0.53 	 1.20 
❑ A Rating 	❑  
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Whole Life 
Disposal 
Use 
Raw material 
extraction & 
processing 
006 	10% 	20°4 	30% 
Relative to 1 UK Citizens Annual 
Impacts 
I PMI 
lI  
II 
Whole Life 
Disposal 
Use 
Raw material 
extraction & 
processing 
0 0.5 	1 	1.5 
Ecopoints 
Grouping the environmental impacts by type of impact caused 
For this graph, the environmental impacts making 
up the normalised profile in the EPD have been 
grouped together into impacts affecting the 
environment, impacts affecting humans and 
resource use. This grouping has been done for 
the 3 life cycle stages and for the whole life. 
Overall, most of the impacts are environmental 
damage or resource use. Environmental damage 
occurs at all of the life cycle stages but resource 
use only in the first two. 
Over its life, 1 m2 of brick and dense block 
external wall causes around 25% of the 
environmental impacts of 1 UK citizen. This 
figure can be multiplied up to work out the 
impacts of the amount of external wall needed for 
your building. 
Damage to Environment 	❑  Damage to Humans 
❑ Resource use 
For this graph, the Ecopoints scores have been 
grouped together into those from impacts affecting 
the environment, from impacts affecting humans 
and from resource use. 
This approach reflects the importance attached to 
the different aspects of environmental impact. The 
graph shows that the environmental impacts of the 
wall are regarded as the most important; they 
occupy a greater proportion of the total than for the 
normalised profile results. 
Over its life, 69 m2 of brick and dense block 
external wall gives the same Ecopoints score as of 
1 UK citizen does annually, which is 100 Ecopoints. 
This figure can be used to work out the Ecopoints 
of the amount of external wall needed for your 
building. 
Contribution to the EcoHomes label for domestic buildings 
EcoHomes is BRE's sustainability label for domestic buildings: it considers a range of factors 
contributing to sustainability, one of which is material use. The scheme and its relationship with 
BRE's Environmental Assessment Method (BREEAM) is explained more fully on the following page. 
The brick and dense block external wall will not earn credits because it is B-Rated. 
Annexe C EPDs and Supporting Information 
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SUPPORTING INFORMATION FOR ENVIRONMENTAL PRODUCT 
DECLARATIONS 
Introduction 
This section contains information that underpins the EPD results. The Supporting Information 
section is the same for all EPDs and is meant to provide reference material for anyone wishing 
to know more about the field or wishing to refresh their knowledge: the information is meant 
to be accessed as and when it is needed. 
Contents 
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Life cycle thinking 
The idea behind life cycle thinking is that everyone looks both backwards and forwards to make 
sure that the products and services we use make as little impact on the environment as possible. 
This means that when we are choosing products or services, we have to look at the impacts 
products and services bring with them, what impacts are produced while we are using the product, 
and what impacts happen when we no longer want the product. If we only look at one part of the 
life cycle, we could choose a product that causes considerable environmental impacts in one or 
more parts of its whole life. For example, if we choose a fridge that has a low energy rating during 
use but uses HCFC as the refrigerant, we will have reduced our contribution to Climate Change 
during the use phase but will have produced a difficult end-of-life problem because of the high 
Climate Change and Ozone Depletion impacts that will happen if the HCFC gets into the air. 
Whole life thinking gives us the opportunity to ask those who supply us to monitor and improve their 
environmental performance, to understand and improve our own performance, and to influence the 
routes to disposal (including seeking to increase re-use, recycling, and burning for energy recovery, 
and to reduce waste, burning with no energy recovery and landfill). 
Life cycle thinking avoids shifting problems from one life cycle stage to another, from one place to 
another and from one part of the environment to another. We can use life cycle thinking as a very 
effective supporting tool for achieving Sustainable Development: Life Cycle Assessment takes 
forward life cycle thinking to examine a lifetime's environmental performance. 
"Life cycle thinking implies that everyone in the whole chain of a product's life cycle, from 
cradle to grave, has a responsibility and a role to play, taking into account all the relevant 
external effects." 
Klaus Toepfer, Executive Director, LTNEP 
From the Cradle to the Grave: The Life Cycle Diagram below shows the inputs and outputs at each life cycle stage & that 
all inputs need to be traced back to their cradle: transport also needs to be included for all stages. 
Use 
maintenance & 
repair) 
To Air 
re-0* 
To Air 
New Life 
Material Extraction 
& Production 
To Air 
Energy 
recycling 
Disposal 
	 (landfill, incineration) energy 
recovery 
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Life Cycle Assessment: An Outline 
Stage 1: Goal & Scope 
Stage 2: Inventory Analysis 
Stage 3: Impact Assessment 
Stage 
Goal & Scope 
What's done? 
Answers the questions: 
• Why's the study being done? (Goal) 
For use within the company?, e.g. to improve products or processes, or to make policy 
decisions. Or use outside the company to make comparisons between products, 
processes or services? 
• Who is it for? 
For the company or for publication? 
• What's being looked at? (Scope) 
Best for looking at the different ways of meeting a need (purpose-based') over a complete 
lifetime, e.g. 1 m2 of external wall over a 60-year life — the 'functional unit'. LCA can also 
be used to look at: products; processes, and services. 
What is included & what is excluded (e.g. life cycle stages, processes etc): setting the 
'boundaries'. 
• What information's needed to do it? 
The level of detail needed & the quality of data needed to meet the Goal & Scope. 
• How will it be done? 
Sets out the method to be used, including 'allocation' (how impacts will be shared 
between products from the same process) & which environmental impact categories will 
be used. 
What's produced? 
A Goal & Scope document. 
Stage 2 
Inventory Analysis 
What's done? 
• Mapping of the processes for each life cycle stage producing the functional unit (or units) 
being studied to give a Process Flow Diagram. 
• Gathering of data on inputs (amounts of energy and materials used) and outputs (products 
and measured emissions to air, land and water) for all processes on the Process Flow 
Diagram. 
• Conversion of data into environmental effects, e.g. electricity use becomes fossil fuel 
consumption and emissions to air (e.g. NO, and SO2), water (e.g. NO,) and land (e.g. fuel 
ash). The effects are summed over the whole life cycle to give an Inventory Table. 
What's produced? 
Process Flow Diagram (also called Process Tree) showing all processes involved in the different life 
cycle stages. 
Inventory Table giving the summed environmental effects (resources used and emissions caused) 
over the whole life. 
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Climate Change Acid Deposition Ozone Depletion Human Toxicity to Air 
38% 5% 8% 7% 
Photochemical Ozone 
Creation (Summer 
Smog) 
Human Toxicity to 
Water 
Ecotoxicity Eutrophication 
4% 3% 4% 4% 
Fossil Fuel Depletion Mineral Extraction Water Extraction Waste Disposal 
12% 3.5% 5.5% 6% 
   
Stage 3 
Impact Assessment 
What's done? 
There are 3 steps: 
A. Classification — the results from the Inventory Table (resource use & emission generation) 
are placed in all the environmental impact categories where they produce an effect. 
B. Characterisation — the amount of each substance in an impact category is converted into 
the amount of that category's reference substance needed to cause the same effect. For 
example, Climate Change uses CO2 as its reference substance, so the amount of methane 
is converted to the amount of CO2 needed to give the Climate Change effects caused by the 
recorded amount of methane; the other 4 greenhouse gases would be converted into CO2 
'equivalents' in the same way). The resulting environmental profile shows how much impact 
is caused in each impact category in terms of the reference substance for each category. 
The levels of impact in a characterised profile cannot be compared directly with each other 
because they are in different units. The impacts of the functional unit under study can be 
compared to the annual national or global levels of impacts caused in each category. This 
is called 'normalisation'. The BRE method uses the annual impacts of 1 UK citizen to 
normalise the environmental profile. The categories can now be compared directly with 
each other since they are all on the same scale ('per year'). 
Climate Change Acid Deposition Ozone Depletion Human Toxicity to Air 
12,300k• CO2 es . 58.9 k• SO2 a.. 0.286 k• CFC11e.. 90.7 k. tox. 
Photochemical Ozone 
Creation (Summer 
Smog) 
Human Toxicity to 
Water 
0.0777 k. tox. 
Ecotoxicity 
178,000 m tox. 
Eutrophication 
8.01 k• PO4 e•. 32.2 lc. ethene e.. 
Fossil Fuel Depletion Mineral Extraction Water Extraction Waste Disposal 
4.09 toe 5.04 t 418,000 I 7.19 t 
Transport Pollution & Congestion 
4140 t.km 
The profile now answers the question, "What's the biggest environmental impact of my 
functional unit?" but it doesn't answer the question "Is the biggest impact of my functional 
unit the most environmentally critical one?" 
C. Valuation — the normalised profile is weighted to show the relative importance of each 
category. The results can be summed to give a single score, often called `Ecopoints'. 
Through consultation with a cross-section of interested parties, BRE has produced the 
weighting scheme below. These weighting factors are used to produce a UK Ecopoints 
score. 
What's produced? 
A. Classification — each environmental impact category contains the amounts of all the 
resources and emissions (the results of the Inventory Table) that contribute to it. 
B. Characterisation — an environmental profile of the levels of impact in each category in terms 
of each category's reference substance. The impacts cannot be directly compared. 
Normalisation — an environmental profile showing how the impacts of the functional 
unit relate to the background levels of each category. The impacts are all 'per year' 
and can be compared with each other. 
C. Valuation — a weighted, normalised profile or a weighted, single score. 
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Impact Categories 
Climate Change 	What is it? 
CC100 	 The earth's atmosphere absorbs some of the heat (infrared radiation) 
emitted from the sun, which causes the earth to heat up. This effect 
occurs naturally but has increased over the past few centuries; the 
average temperature of the earth's surface has increased by 0.3 to 
0.6 C since the late 19th century. This is why the issue was called 
'Global Warming' .The increased warming was put down to the effects 
of a group of gases ('greenhouse gases') that sit in the earth's 
atmosphere and prevent the earth losing heat gained from the sun 
("radiative forcing"). It has been realised that increases in temperature 
can result in weather extremes, eg droughts and floods, so the issue 
has become Climate Change. 
46t-) 
Each greenhouse gas lasts for a different amount of time in the 
atmosphere. This is why Climate Change effects are calculated over a 
specific timescale. Three timescales are generally used: 20 years (for 
rapidly occurring effects), 100 years (enough time to address most 
atmospheric effects) or 500 years (enough time to cover effects on the 
oceans). 100 years is the most frequently used time period, and has 
been used to calculate Climate Change in this EPD. The Climate 
Change timescale is different from the lifetime of the product or function 
being studied. 
Initial emphasis has been placed on the emission of carbon dioxide 
(CO2) due to human activity, mainly through the burning of carbon 
containing fuels. The UK Government is committed to a legally 
binding, international target of reducing greenhouse gas emissions by 
12.5% below 1990 levels by 2008-2012. It has also committed to a 
domestic goal of cutting carbon dioxide (CO2) emissions to 20% below 
the 1990 level by 2010. To achieve this, Government established a 
Climate Change Programme containing measures to ensure that the 
UK moves towards a more sustainable, lower carbon economy. One of 
these measures is the setting up of the Climate Change Levy, which is 
estimated to bring savings of at least 5 million tonnes of Carbon by 
2010. 
What causes it? (cause) 
CO2, methane (CH4), nitrous oxide (N20), sulphur hexafluoride (SF6), 
halocarbons (including CFCs and perfluorocarbons, e.g. CF4, and 
hydrohalocarbons, e.g. HFCs & HCFCs). 
Water vapour and nitrogen oxides (N0x) have an indirect effect 
because they increase the effects of some of the above gases. 
The combustion of fossil fuels (oil, coal & natural gas) is the biggest 
source of greenhouse gases. 
What does it do? (effect) 
Raised global temperatures leading to desertification; rising sea levels; 
climatic disturbance, and spread in disease. 
Reference substance 
Carbon dioxide (CO2) 
Equivalence factor 
kg of CO2 (how much CO2 needed to give same effect over 100 years) 
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Acid Deposition 
AD 
What is it? 
An acid is a chemical that can produce hydrogen ions (H+, also called 
a 'proton') when it meets water. Hydrogen ions are highly reactive and 
can cause other substances to change their composition and their 
physical properties. 
Acid Deposition occurs when acidic gases react with rain (`acid rain') 
or water in the soil. 
What causes it? (cause) 
Ammonia (NH3); hydrochloric acid (HCI); hydrogen fluoride (HF); 
nitrous oxides (N0x); and sulphur oxides (SOO. 
Combustion of fossil fuels for electricity, heating, and transport is the 
major source. The acidification effect is greatest when the fuels 
contain sulphur. 
What does it do? (effect) 
Damage to forests, dead lakes, breakdown of materials, including 
stone and metals. 
Reference substance 
Sulphur dioxide (SO2) 
Equivalence factor 
kg SO2 (how much SO2 needed to give same effect) 
Ozone Depletion 
OD 
What is it? 
The ozone layer is part of Earth's upper atmosphere (stratosphere). 
Loss of ozone in this layer creates the 'ozone hole' and increases the 
intensity of the ultra violet (UV) part of sunlight. 
Ozone is lost by its reaction with certain gases. The Montreal Protocol 
was signed in 1987 to address the production of man-made ozone 
depleting gases. CFC manufacture has been banned since 2000 and 
HCFCs will be phased out by 2015. The time table is: 
• 1 Jan 2004 banned from new plant 
• 2010 banned as virgin refrigerant for maintenance use 
• 2015 banned as recycled refrigerant for maintenance use 
What causes it? (cause) 
All halogenated compounds that last long enough to reach the 
stratosphere, particularly those containing chlorine and bromine, plus 
NON. Major zone depletors include CFCs and HCFCs. 
What does it do? (effect) 
Skin cancer, immune system damage, and damage to plants and 
crops. 
Reference substance 
CFC11 
Equivalence factor 
kg CFC11 (how much CFC11 needed to give same effect) 
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Human Toxicity 
HT Air 
(Air) 	What is it? 
The impact on human health from air-borne toxic substances. Toxicity 
can be either acute or chronic. 
This is an extremely complex area, which is still developing. 
Toxicity is calculated here using the CML 1992, University of Leiden 
method. The CML method relates human toxicological classification 
factors to body weight and amount of substance. The factors are 
based on tolerable air concentrations, air quality guidelines, tolerable 
daily intakes and acceptable daily intakes. 
What causes it? (cause) 
Heavy metals, VOCs, HFCs, CFCs, dioxins, Nitrogen dioxide (NO2), 
PCBs, pesticides, herbicides. 
What does it do? (effect) 
Asthma, cancer, and reduced fertility. 
Reference substance 
None — toxicity calculated as the bodyweight needed to dilute each 
toxic substance to below its maximum tolerable concentration. 
Equivalence factor 
kg toxicity 
	
....% 	,.- I 	,.•.% 
Photochemical Ozone 	What is it? 
Creation 	 When ozone is created in the Earth's lower atmosphere (troposphere), 
(Summer Smog) 	it can create smog. The creation of ozone happens when volatile 
POOP 	 organic compounds (VOCs) react to sunlight (photo-oxidation). VOCs 
include solvents, diesel and petrol. The speed at which low level ozone 
creation happens is affected by the presence of nitrogen oxides (NOR). 
:• 
i,  
What causes it? (cause) 
VOCs under the influence of sunlight and the presence of NOR. 
Vehicle exhaust fumes contain VOCs, which react with NO (both are 
often present in urban environments) to produce Summer Smog. 
What does it do? (effect) 
Crop damage, and aggravates asthma and other respiratory conditions. 
Reference substance 
Ethene (C2H4) 
Equivalence factor 
kg ethene (how much C2H4 needed to cause the same impact) 
-v\ -o .,' ...., 
46) 
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Human Toxicity 	What is it? 
(Water) 	 The impact on human health from water-borne toxic substances. 
HT Water Toxicity can be either acute or chronic. 
This is an extremely complex area, which is still developing. 
Toxicity is calculated here using the CML 1992, University of Leiden A.. -/ 
jtip 
method. The CML method relates human toxicological classification 
 factors to body weight and amount of substance. The factors are 
based on tolerable air concentrations, air quality guidelines, tolerable 
daily intakes and acceptable daily intakes. 
What 	it? -.7----.7--.... 
\, 	.. 
Arrf...--   info..,740- :-: 
causes 	(cause) 
Heavy metals, VOCs, HFCs, CFCs, dioxins, Nitrogen dioxide (NO2), 
PCBs, pesticides, herbicides 
What does it do? (effect) 
Cancer and reduced fertility 
IQZ\41?-5 Reference substance 
None — toxicity calculated as the bodyweight needed to dilute each 
toxic substance to below its maximum tolerable concentration. 
Equivalence factor 
kg toxicity 
Ecotoxicity 
Ecotox. 
What is it? 
The impact on aquatic and terrestrial ecosystems from water-borne 
toxic substances. Toxicity can be either acute or chronic. 
•",-. k ' lq; 
.7.-----' 
This is an extremely complex area, which is still developing. 
Toxicity is calculated here using the CML 1992, University of Leiden 
method. The CML method relates ecosystem toxicological 
vo , 	, 	,,,. ,
., 
classification factors to amount of substance released. 
What causes it? (cause) 
Heavy metals, VOCs, HFCs, CFCs, dioxins, Nitrogen dioxide (NO2), 
6 1.) 
PCBs, pesticides, herbicides. 
What does it do? (effect) 
Acute and chronic toxicity in ecosystems. 
"fOrr--- :#" eallP-4-- 
Reference substance 
None — toxicity calculated as the amount of water needed to dilute each 
toxic substance to below its maximum tolerable concentration. 
4.)'-obill,  
• •
Equivalence factor 
m 	toxicity 
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Eutrophication 	 What is it? 
Eutroph. 	 Plants need nitrates and phosphates to grow. But some ecosystems 
are very sensitive to the amount of these nutrients (many plants need 
a low-nutrient environment). If the amount of nutrients becomes too 
I4_ 	k 
high, 	 `nutrification') 	 the eutrophication (over 	 occurs, and 	ecosystem 
collapses. 
What causes it? (cause) 
The release of ammonia (NH3), nitrogen oxides (N0x), phosphorous, 
77 -Nz., 
t  ..,1 
 
Its 
phosphates (PO4) and nitrates (NO3) into air or water supplies. 
Agriculture is a large source of phosphate and nitrate release but NOx 
from fossil fuel combustion also contributes nitrates. 	Phosphorous 
also comes from sewage treatment plants 
46!) 
What does it do? (effect) 
Causes algal blooms, which remove oxygen from the water and 
results in the death of aquatic plants and animals. 
Reference substance 
Wfir.--01  ifilifr.....470- 
Phosphate (PO4) 
Equivalence factor 
kg phosphate (PO4 needed to cause the same effect) 
IcIPm---r7 
,../.-- 
f-,  
Fossil Fuel Depletion 	What is it? 
FFD 	 The depletion of fossil fuel energy consumed. It is measured as the 
amount of oil needed to provide the same amount of energy 
consumption. 
What causes it? (cause) 
The consumption of fossil fuels for energy. 
What does it do? (effect) 
Represents the amount of fossil fuels (oil, coal & natural gas) lost from 
reserves. 
Reference substance 
Oil 
Equivalence factor 
tonnes of oil equivalents (toe) needed to provide the same amount of 
energy. 1 toe = 41,841 MJ = 11,623 kWh 
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Minerals 
ME 
Extraction 	What is it? 
The extraction of metal ore and quarried materials, like marble and 
aggregates, from the earth. 
Most quarried minerals are not regarded as rare but considerable 
activity and local disruption are needed to extract them. Over 90% of 
GB-extracted, non-energy minerals are used as construction 
materials. 
What causes it? (cause) 
The extraction of all minerals. 
What does it do? (effect) 
Reduces the amount of resource. Causes dust, noise and local 
nuisance, reduces land availability for other uses, and potentially 
disrupts valuable ecosystems above & surrounding the mineral 
resource. 
Reference substance 
None 
Equivalence factor 
tonnes extracted 
,1 
‘. 
_ - 
r-Z;\- 
0 	. 
*. ...n 
41. 
WE 
Water Extraction What is it? 
The abstraction of water from rivers, reservoirs and aquifers can cause 
the depletion, and disruption or pollution of these water sources. 
What causes it? (cause) 
The abstraction of water for human consumption, manufacturing, and 
agriculture and horticulture. 
What does it do? (effect) 
Reduces the amount of resource available and can disrupt or pollute 
local aquatic ecosystems. 
Reference substance 
Water 
Equivalence factor 
litres consumed 
r' i.,../' 
Li   :_l 
-0 	ilq. 
A 
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Waste Disposal 	What is it? 
WD 	 The disposal of waste causes many effects including: depletion of 
landfill capacity, the noise, dust and odour from landfill and other 
waste disposal sites, the gaseous emission and leachate pollution 
from incineration 	landfill, the loss 	 from and 	 of resources 	economic use 
, J; 
:,.., 
:.-------' 
and risk of underground fires. 
The BRE method currently assumes that every tonne of waste causes 
the 	 but 	will vary in their compostability, same problems 	wastes 
combustibility, leachability of toxic chemicals etc. 	The approach is 
1‘11::-.. ^,-,,C 
44, 	-,.% , 
under development. The effects of greenhouse gases from landfill and 
incineration are built into the disposal model for the 60-year lifetime, 
and are included in the Climate Change category. 
Government has identified the reduction of waste from construction 
...„.. 
, 	- 	-- 
and demolition as a priority. 	Each year, construction and demolition 
generate a total of about 70 million tonnes of waste; around 13 million 
tonnes of this are materials delivered to site and thrown away unused. 
What causes it? (cause) 
The disposal of materials to landfill or incineration. 
What does it do? (effect) 
Limits land use opportunites; generates noise, dust and odour; causes 
emissions of gases (e.g. methane) and leachate, poses risk of 
underground fires etc. 
Reference substance 
None 
Equivalence factor 
tonnes 
Transport 
Congestion 
Transport) 
TP&C 
Pollution and 	What is it? 
(Freight 	The movement of goods by road, rail and sea causes local transport 
pollution, congestion, noise, dust and discomfort to those nearby and 
to the local transport routes, especially roads. 
All methods of freight transport are currently assumed to be equally 
damaging but this is being reviewed. 
..,* 	- •P 
.‘,.‘:, ' 	. The impacts of emissions from fuels used during transport are not included here because these are covered by other impact categories. 
What causes it? (cause) 
The transport of goods by road, rail and sea. 
--* 
What does it do? (effect) 
Represents the local problems caused by freight transport. 
Reference substance 
None 
Equivalence factor 
tonnes.kilometres (t.km), which is the amount of freight moved, 
multiplied by the distance travelled. 
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How does what we do impact on the environment? 
One human activity can impact on the environment in many ways. An example of this is the 
burning of fossil fuel for energy production, which causes impacts in six of the thirteen 
environmental impact categories examined in this EPD. 
Acid 
Deposition 
Burning 
fossil fuel 
for energy 
(--- Eutrophica-
tion 
Photochem 
-ical Ozone 
Creation 
(Summer 
Smog) 
Human \\ 
Toxicity to 
Air 
Fossil Fuel 
Depletion 
The use of fossil fuels for transporting goods adds the further impact category of Transport 
Pollution & Congestion. 
Climate 
Change 
Huma7:\\ 
Toxicity to 
Air 
("--. Acid 
Deposition 
Eutrophica-
tion 
Fossil Fuel 
Depletion 
--...‘‘....\ Photochem 
-ical Ozone 
Creation 
(Summer 
Smog) 
Freight 
Trans- 
port 
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How do the Impact Categories relate to each other? 
Emission Impact Category Effects Consequences 
CO2 Climate Change 
Increased 
desertification; rising 
sea levels; climatic lives 
Loss of 
human 
•• 
disturbance, and 
spread in disease 
• 
/ 
CH4 	, / Acid Deposition 
Damage to forests, 
dead lakes, material 
damage 
/I  
i  mil% 
.1111kN b1/ NvAtIL  
Loss of 
cultural 
values 
% SO2  	. Ozone Depletion 
Skin cancer, immune 
system damage, 
damage to plants 
V Vi ' 4 ti Loss of  ecosystems 
W/ 4 \ 
Photochemical 
Ozone Creation 
Respiratory 
problems, damage to 
material plants, 
t 1k 	( t 	1\ 0 \ 	fri  
Loss of 
habitats 
(Summer Smog) damage y 
HCFC22/1 
i 
f, \
PCBs 4 . Human Toxicity 
Acute & chronic 
toxicity to humans in 
is  ‘ 
 ' 
Loss of 
species 
the environment 
A 
II,' 
Of 4ef 	  Acute and chronic #.,, dada Loss of fish 
NO, 	A. Ecotoxicity toxicity in ecosystems catch 
4:  
VOC 
Eutrophication 
if  
Algal blooms, oxygen 
depletion 
Loss o 
 crops 
Cd Fossil Fuel Depletion 
Represents the 
amount of oil lost 
from reserves. ‘ 
Noise, 
dust, 
odour, 
nuisance 
Reduces the amount 
HCI 
Minerals Extraction 
of resource. Causes 
dust, noise and local 
nuisance, reduces 
land availability for 
other uses, 
potentially disrupts 
valuable ecosystems 
reduced 
 lifetime 
Lower 
standards 
of health & 
above the mineral 
resource.  
Direct effect 
Reduces the amount 
of resource available 
Loss of 
Water Extraction and can disrupt or 
resources 
- Indirect effect pollute local aquatic 
ecosystems. 
Waste Disposal 
Groundwater 
pollution, water 
pollution, air pollution 
Transport Pollution & 
Congestion 
Noise, dust, 
congestion  
After Wenzel et al. 1997. Environmental Assessment of Products. Volume 1: Methodology, tools and case studies in 
product development. Chapman & Hall. 
CO2 = carbon dioxide; CH4 = methane; SO2 = sulphur dioxide; HCFC22 = CHF2CI ; PCBs = polychlorinated biphenyls 
(highly persistent organic compounds); NO„ = nitrogen oxides; VOC = volatile organic compound; Cd = cadmium 
(heavy metal); HCI = hydrogen chloride (hydrochloric acid) 
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Summary A B C Ranges for Elements Ecopoints per m2 of Element 
2 	 3 4 5 
Floor Finishes 
Roofing 
External Walls 
Doors 
Landscaping: Boundary Protection 
Windows 
Internal Walls and Partitions 
Landscaping: Hard Surfacing 
Upper Floor Construction 
Substructural Floor Systems and Surfacing 
Ceiling Finishes 
Insulation (ZODP) 
Insulation (inc.HCFCs) 
Internal Paint finishes 
           
           
           
           
           
           
           
           
           
           
           
       
       
OA Rating 	MB Rating 	• C Rating 
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BRE products for including environmental performance in construction 
Environmental Profiles 
BRE has used its Life Cycle Assessment methodology to derive the environmental performance of a 
tonne of each of all the materials needed to make a wide range of building elements. The 
environmental performance is expressed as the level of impact caused in 13 different environmental 
impact categories, which gives a 'cradle-to-gate' environmental profile. These impact categories are 
set out in Part 3: Supporting Information. The environmental profile of a building element is generated 
by pulling together the impacts from each of the element's materials (scaled for the amount of each 
material used) to give an 'installed' (or cradle-to-site) environmental profile. A 'cradle-to-grave' profile is 
produced for the element by adding in the impacts for a typical 60-year life. 
Green Guides 
There are two Green Guides: one for industrial buildings (Green Guide to Specification) and one for 
domestic buildings (Green Guide to Housing Specification). Each Green Guide uses the 60-year, 
cradle-to-grave environmental profiles generated by BRE for a range of different options for each type 
of building element needed to construct a building. The performance is presented for 12 environmental 
impact categories (the impacts of Human Toxicity to Air and Human Toxicity to Water have been 
combined into one 'Human Toxicity' category). The range of results for each building element is 
divided into 3 and the third with the least environmental impact is given an A rating, the middle third is 
given a B rating and the third with the greatest environmental impact is given a C rating. The same 
approach is used to generate a single, summary rating: the Ecopoints weights are applied to the levels 
of impact in each category and the range of summed scores is then divided into A, B or C ratings. The 
A, B or C ranking is only comparable within each element; an A-rated wall would have a better 
environmental profile than a B-rated wall but would have a different environmental performance from an 
A-rated window. The graph below shows the range of scores giving the A, B or C rating for different 
building elements. 
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BREEAM 
Construction products have an important role to play in achieving sustainable construction but they are 
only one part of the story. The impact of the whole building is also very important and can be measured 
by a method called BREEAM (Building Research Establishment Environmental Assessment Method). 
BRE manages and promotes BREEAM, which is now the most widely used building assessment 
scheme in the UK. Central Government requires BREEAM for all its new and refurbished buildings; the 
UK Government is responsible for 40% of the UK's total expenditure on construction. 
BREEAM is a voluntary scheme for the environmental labelling of buildings, developed by BRE with 
industry partners and sponsors. A rating certificate is awarded to individual buildings. There are 4 
levels of award: 
Pass 
	 Very Good 
	•. 
Good 4 t 
	
Excellent 
	4, 4. 
BREEAM looks at seven areas: 
• energy 	 • materials 	 • ecology & land use 
• water • transport • health & well-being 
• pollution 
BREEAM awards credits for using materials with low whole life environmental impact. Assessors use 
the Green Guide to Specification: 3rd Edition to find out the environmental performance for key building 
elements (e.g. walls, floors, roofs and windows) used in a building. Credits are given for elements that 
are rated 'A' by the Green Guide. Credits are also awarded for using timber from a certified sustainable 
source. 
There are BREEAM schemes for offices, superstores, industrial units, shops and homes. 
EcoHomes 
EcoHomes, is the version of BREEAM for new homes. The Housing Corporation requires an 
EcoHomes rating to award grants for social housing and several developers have committed to 
achieving the standard. EcoHomes includes credits for selecting 'A' rated, key building elements using 
the Green Guide to Housing Specification. Credits are also awarded for using timber from a certified 
sustainable source. 
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Glossary 
allocation: sharing the input or output flows of a unit process to the product system under study. This 
may need to be done where a manufacturing process results in products and co-products, for example, 
steel and slag. 
boundary: line between a product system and the environment of other product systems. 
characterised profile: the amount of impact in each of the environmental impact categories. Many 
different emissions can contribute to each impact category. The different emissions in each category 
are converted into the amount of reference substance needed to give the same effect. Each category 
has its own reference substance, e.g. CO2 is the reference substance for Climate Change, and the 
amounts of any greenhouse gases in the Inventory Table are converted to the amount of CO2 needed to 
cause the same effect. The impact categories are in different units and the values cannot be 
compared. 
ecopoints: the normalised profile values are multiplied by weighting factors developed for each impact 
category and the results summed to give a single figure. 
embodied energy: the energy used in the production of a material - "total primary energy that has to 
be sequestered from a stock within the earth to produce a specific good or service". 
environmental impact category: environmental issue being examined, e.g. Climate Change, Acid 
Deposition and Human Toxicity to Air. 
environmental profile: the level of impact in each environmental impact category for the functional 
unit or product being studied. 
functional unit: the materials needed to achieve the desired purpose (function). 
input: material or energy that enters a unit process (can include raw materials and intermediate 
products). 
intermediate products: material that has already been processed before being used to produce a 
product. 
inventory data: table of amounts of resources used, and products and emissions produced to achieve 
the product or function being studied. 
life cycle: consecutive and interlinked stages of a product system from raw material acquisition or 
generation of natural resources to the final disposal. 
life cycle assessment (LCA): compilation and evaluation of the inputs, outputs and the potential 
environmental impacts of a product system throughout its life cycle. 
normalised profile: The characterised profile is referenced to the environmental impact for each 
category at the national or global level in one year (usually for 1 citizen), giving a 'normalised' profile; 
the values are directly comparable. 
primary energy: gross energy in the primary fuels extracted from resource stocks. "Stock within the 
earth" needs definition and is sometimes used to mean materials used for fuel that cannot be renewed, 
i.e. 'fossil fuels'. 
output: material or energy that leaves a unit process (may include raw materials, intermediate 
products, products, emissions and waste). 
raw materials: unprocessed material that is used to produce a product. 
reference substance: substance that is used to calculate how much of this substance would be 
needed to give the same environmental impact as each of the many substance contributing to an 
environmental impact category. For example, carbon dioxide (CO2) is the reference substance for 
Climate Change (CC100), so all the other gases contributing to Climate Change are converted into the 
amount of CO2 that would be needed to give the amount of Climate Change that each different gas 
would cause, e.g. 1 kg of methane causes 21 times as much Climate Change as CO2 (for the 100-year 
timeframe), so 1 kg methane is equivalent to 21 kg of CO2. 
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Further Reading 
Publications 
BS EN ISO 14040 series. Environmental Management - Life cycle assessment. 
BS EN ISO 14020 series. Environmental Labelling. 
UNEP. 1996. Life Cycle Assessment: what it is and how to do it. 
SETAC. 1993. Guidelines for Life-Cycle Assessment: A 'Code of Practice'. Society of Environmental 
Toxicology and Chemistry, Brussels. 
Nigel Howard, Suzy Edwards, and Jane Anderson. 1999. BRE methodology for environmental profiles 
of construction materials, components and buildings. BRE Report BR 370. Garston, BRE. 
Jane Anderson and Nigel Howard. 2000. Green Guide to Housing Specification. BRE, Garston. 
Jane Anderson, David Shiers and Mike Sinclair. 2002. Green Guide to Specification. 3rd Edition. 
Blackwells, Oxford. 
Jane Anderson, Suzy Edwards, Jo Mundy and Peter Bonfield. Life cycle impacts of timber: A review of 
the environmental impacts of wood products in construction. BRE Digest 470. Garston, BRE. 
Ian Dickie and Nigel Howard. Assessing environmental impacts of construction industry: consensus, 
BREEAM and UK Ecopoints. BRE Digest 446. Garston, BRE. 
Suzy Edwards, Ed Bartlett and Ian Dickie. Using whole life costing and life cycle assessment for 
sustainable building design. BRE Digest 452. Garston, BRE. 
Websites 
www.breeam.org.uk 
www.bre.co.uk/sustainable  
vvww.bre.co.uk/envprofiles  
www.unepie.org/pc/sustain/lcinitiative  
www.leidenuniv.nl/cml/ssp  
www.setac.org  
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Annexe D: EPD usability and review questionnaires 
The usability testing questionnaire 
The following questionnaire has had its white space reduced to show content rather 
than layout. 
BRE Prototype Environmental Product Declaration with 
Supporting Information — Usability Testing Questionnaire.  
Please: 
• Read the 2 Environmental Product Declarations (EPDs) 
• Answer the questions below by ticking boxes and writing in the spaces 
provided here or by writing on the relevant parts of the EPDs. 
1. Do you usually include environmental performance in your product selection criteria? 
❑ Yes 
o How? Please specify 
❑ No 
o Will you include environmental performance in the future? 
❑ Yes 
• How? Please specify 
❑ No 
• Why not? 
o How do you choose? 
■ Price 
■ Physical performance 
■ Safety 
■ Other, please specify 
2. Which external wall did you choose? 
❑ Timber frame 
❑ Brick and Block 
❑ Couldn't decide, please go to Question 4 
3. How did you choose the external wall? Please mark all the ways you used, here or on the 
EPDs. 
❑ We only use that method of construction 
❑ I looked at these life cycle stages: 
O Raw material extraction & processing 
O Use 
O Disposal 
❑ I looked at the characterised impacts 
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❑ I looked at the normalised impacts 
❑ I looked at these environmental impact categories: 
O Climate Change (CC100) 
O Acid Deposition (AD) 
O Ozone Depletion (OD) 
O Human Toxicity to Air (HT Air) 
O Photochemical Ozone Creation Potential (POCP) 
O Human Toxicity to Water (HT Water) 
O Ecotoxicity (Ecotox.) 
O Eutrophication (Eutroph.) 
O Fossil Fuel Depletion (FFD) 
O Mineral Extraction (ME) 
O Water Extraction (WE) 
O Waste Disposal (WD) 
O Transport Pollution & Congestion (TP&C) 
I chose these environmental impact categories because: 
O They were ones I was familiar with 
O They were looking at issues that were: 
r( Global 
rt Regional 
11 Local 
O Other, please specify 
❑ I looked at recycling information 
❑ I looked at the Ecopoints ratings 
❑ I looked at the Green Guide ratings 
❑ I looked at whether the impacts were to the environment, to humans or resource use 
O On a normalised basis 
O On a weighted, Ecopoints basis 
❑ I looked at something else, please say what 
4. Did the EPD help you to choose? 
❑ Yes 
❑ Yes 
O But information was missing, please specify what or mark EPD 
O But it was too complicated, please say where or mark EPD 
❑ No, please say why 
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5. Did you use the Supporting Information? 
❑ Yes, I used these sections 
O Life cycle thinking 
O Life Cycle Assessment: An Outline 
O Impact Categories 
O How does what we do impact on the environment? 
O How do the Impact Categories relate to each other? 
O BRE products for including environmental performance in construction 
O Glossary 
O Further Reading 
❑ 	No 
6. Would you rather have information on the life cycle up to product manufacture and 
then add on the impacts of further life cycle stages: 
❑ Using your own data? 
❑ Using data presented in the EPD format for different life cycles? 
7. Would you use the 'EPD with Supporting Information' format to: 
❑ Select products? 
❑ Influence those you purchase from to change their products, processes or services? 
❑ Inform interested parties about the choices you had made? 
8. Would you prefer the information to be available as: 
❑ A web site where you could access the Supporting Information as needed? 
❑ An electronic tool that allowed you to compare designs directly (e.g. Envest) but didn't 
contain any Supporting Information? 
❑ An electronic tool that allowed you to compare designs directly (e.g. Envest) with 
Supporting Information available? 
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9. Personal details 
Name 
Company or 
Organisation 
Position in Company or 
Organisation 
Professional background 
or experience 
Phone 
e-mail 
Level of LCA knowledge 
❑ No previous experience 
❑ Familiar with some terminology 
❑ Familiar with some of methodology 
❑ Familiar with terminology & method 
❑ Practitioner with: 
0 	0 — 2 years' experience 
0 	2 — 5 years' experience 
0 	5 — 10 years' experience 
0 	more than 10 years' experience 
Do you have any other comments? 
Thank you for testing this approach. Please return your questionnaire (& EPDs if 
you've written on them to answer some questions) by 31 September 2003 to: 
Mrs Jo Mundy 
Centre for Timber Technology and Construction 
BRE 
Garston 
WATFORD WD25 9XX 
Phone: 01923 664809 	Fax: 01923 664785 e-mail: MundyJ©bre.co.uk 
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The review questionnaire 
The review questionnaire has also had its white space reduced to show content rather 
than layout. The review questionnaire's content was based on the guidance given by 
Goddard (1999). 
Environmental Product Declaration (EPD) Prototype: 
timber frame external wall 
Thank you for reviewing this document, I hope you find it informative and useful. 
Please either write your comments on this form or on the EPD, and fill in your personal 
details. 
Review of Content and Style 
1. Please let me know about any of the following shortcomings: 
• Incorrect information 
• Misleading information 
• Missing information 
• Unnecessary information 
Global issues 
2. Does the stated readership of the document match the stated objective? 
❑ Yes 
o Is the language and approach appropriate? ❑  Yes ❑  No 
❑ No 
3. Is the stated objective of the document realistic and useful? 
❑ Yes 
o Does the document achieve its objective? ❑  Yes ❑  No 
❑ No 
4. Is the stated scope consistent with the readership and objective? 
❑ Yes 
o Is the scope realised? 	❑  Yes 	❑  No 
❑ No 
Review questionnaire 	 346 
Annexe D EPD usability and review questionnaires 
Content and Structure 
7. Given the scope of the document, is anything missing? 
❑ Yes, please specify what 
❑ No 
8. Could the sequence of the EPD be improved? 
❑ Yes, please specify how 
❑ No 
9. Could the sequence of the Supporting Information be improved? 
❑ Yes, please specify how 
❑ 	No 
Graphics and Layout 
10. Is the graphical content adequate? 
❑ Yes 
❑ No, please specify 
11. Could the page layout and typography be improved? 
❑ Yes, please specify 
❑ No 
Consistency 
12. Are terminology, conventions, layout and typography consistent throughout 
the document? 
❑ Yes 
❑ No, please specify 
13. Does the document conform with the requirements of: 
• ISO/TR 14025? 
❑ Yes 
❑ No, please specify 
• ISO/AWI 21930? 
❑ Yes 
❑ No, please specify 
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14. Personal details 
Name 
Company or 
Organisation 
Position in Company 
or Organisation 
Professional 
background or 
experience  
Phone 
e-mail 
Level of LCA 
knowledge ❑ No previous experience 
❑ Familiar with some terminology 
❑ Familiar with some of methodology 
❑ Familiar with terminology & method 
❑ Practitioner with: 
0 0 — 2 years' experience 
0 2 — 5 years' experience 
0 5 — 10 years' experience 
0 more than 10 years' experience 
Do you have any other comments? 
Thank you for reviewing this document. 
Please return your review by 1 September 2003 to: 
Mrs Jo Mundy 
Centre for Timber Technology and Construction 
BRE 
Garston 
WATFORD WD25 9XX 
Phone: +44 (0)1923 664809 Fax: +44 (0)1923 664785 e-mail: 
MundyJ©bre.co.uk 
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Annexe E — Life Cycle Inventory data — example 
BRE 
Approved environmental 
Characterised & Normalised data for_ 
profile 
Cradle to Gate: Manufacture of 1 
tonne Dense Concrete Block 
Quality of Data 
Start Date Jan-97 
End Date Dec-97 
Source of Data 2 sites 
Geography UK 
Representativeness 
LCA Methodology BRE 
Allocation 100% to product by Value 
Date of Data Entry Apr-99 
Boundary Cradle to Gate 
Issues 
Climate Change 
Comments 
Units 
k CO2 eq ( 00 	) 
Average density 1955 kgirn3 
Characterised Data 
75 
Acid Deposition kgSO2 eq 0.52 
Ozone Depletion kgCFC 11 eq 0 
Pollution to Air: Human 
Toxicity 
kg.tox 0.78 
Pollution to Air: Low Level 
Ozone Creation 
kg ethene eq (POCP) 0.0098 
Fossil Fuel Depletion and 
Extraction 
toe 0.012 
Pollution to Water: Human 
Toxicity 
kg.tox 0.000000025 
Pollution to Water: Ecotoxicity m3 tox 0.048 
Pollution to Water: 
Eutrophication 
Minerals Extraction 
kg.PO4 eq. 
tonnes 
0.04 
0_9 
Water Extraction litres 660 
Waste Disposal tonnes 0.051 
Transport Pollution & 
Congestion: Freight 
tonne.km 18 
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Issues One UK Citizen 
12270 kgCO2 eq (100-yr) 
Normalised Data 
0.0061 Climate Change 
Acid Deposition 58.88 kgSO2 eq 0_0088 
Ozone Depletion 0.28595 kgCFC11 eq 0 
Pollution to Air: Human 
Toxicity 
90.7 kg.tox 0.0086 
Pollution to Air: Low Level 
Ozone Creation 
32.23 kg ethene eq (POCP) 0 0003 
Fossil Fuel Depletion and 
Extraction 
4.085 toe 0.003 
Pollution to Water Human 
Toxicity 
0.02746 kg.tox 0.0000009 
Pollution to Water: Ecotoxicity 837600 m3 tox 0.000000057 
Pollution to Water: 
Eutrophication 
8.006 kg.PO4 eq. 0.005 
Minerals Extraction 5.04 tonnes 0.18 
Water Extraction 417600 litres 0.0016 
Waste Disposal 7.194 tonnes 0.0071 
Transport Pollution & 
Congestion: Freight 
4140.84 tonne.km  0.0044 
Primary Energy GJ 0.61 
Envronmenta Profiles are an - ridepen ent envirormen assessment prov' 	The Fronle is basedon data 
provided by manufacturers for the period stated. BRE has no respons:bilty for the environmental performance of the 
product This Profile may only be distributed in its entirety and in accordance vo,th the Terms and Conditions of the 
contract. 
5' Croon and Bu sing Research Eslab shrierc 
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